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Description 

Methods and Compositions f or Stimulating Bone Cells 



tefceSh., in ffi. prasenl invents pursuant .o Grant HL-41 926 Iron, Die Nall«»l manures 1 HsaKh. 
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100021 The present invention relates general^ to the field of bone cells and tissues. More particularly, certain em- 
2. Description ol the Related Art 

Scant poZ of fractured bones are still treated by casting, allowing natural mechan.sms to, effect wound I repa,. 
X uTh here have been advances in fracture treatment in recent years, including improved dance, the development 
^Z^^ '^^' ° r complement, the wound repair mechanisms would represent s.gnff.cant progress ,n 

so rowT'Averysignificantpatientpopulationthatwouldbenefitfromnew 

o^ en prevent" lessen fractures, are those patients suffering from osteoporosis. The ^^^J 0 ^ 
heteroaeneous group of disorders characterized by decreased bone mass and fractures^ Clmically, "*>^"™» 
egrlga Zto^e I and type II. Type I osteoporosis occurs predominantly in middle aged women and -s assorted 
S estroqen loss at the menopause, while osteoporosis type II is associated w.th advancing age 

3S SiTTJSid 20-25 mil-ion people are at increased risK for fracture 

cost of treating osteoporosis in the United States is currently estimated to be in the order of $10 billion per year 
Demographic Uends, i.e., the gradually increasing age of the US population, suggest that these costs may -ncrease 

0 a fniri hv the vear 2020 if a safe and effective treatment is not found. . 
m ^he mTo Sous of current therapies for osteoporosis is fracture prevention, not fracture repair. This is an 
mpolnt conation, as it is known that significant morbidity and mortality are associated w.th 
IX elderly, especially those who have suffered hip fracture. New methods are clearly needed for stimulating fracture 

renair thus restoring mobility in these patients before the complications arise. 

[00081 Osteogenesis imperfecta (Ol) refers to a group of inherited connective tissue diseases characterized by b one 
SSsott connectte tissue fragility Byers and Steiner, 1 992; Prockop, 1 990). Males and females are affected equal ^ 
^SSeSnddence is currently estimated to be 1 in 5,000-14,000 live births. Hearing loss, 

S o2 or more tvoes of Ol While accurate estimates of the health care costs are not available, the morb,d,ty and 
morS ZZSZ^ac*Z» result from the extreme propensffy to fracture (Ol types .-IV) and the deformation 
fractureUr (Ol types .HV) (Bonadio and Goldstein 1 008) ^££~Z£Z 

01 treatment is to develop new methods by which to improve fracture repair and thus to improve the qualrty of Me of 

IJSrS techniques of bone reconstruction, such as is used to reconstruct defects occurring as a result of trauma, 
career sumeLTeTors in deve.opment, woukf also be improved by new methods to promote bone ^tooon- 
S rnemods currently employed, such as using autologous bone grafts, or bone grafts with attached soft issue 
SStSS^Tal^ wffh significant drawtacks of both cost and difficulty. For example^arvesting a 
u^oum of autologous bone is not easily achieved, and even auto.ogous grafts often become infected or suffer 

Success of bone repair and regeneration resembles the process of wound healing in other tissues. A 
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lipsT several BMP (or OP) genes have now been cloned, and the common des.gnat.ons are BMP-1 through BMP 
8 New BMP" • aTe in Z process of discovery. Although the BMP terminology is widely used, t may prove to be the 
p fl *e thai there is an OP counterpart term for every individual BMP (Alper, 1 994). , Chima .. 
moi Ji BMPs 2-8 are generally thought to be osteogenic, although BMP-1 is a more generalized morphogen (Shimell 

So ^ctedt U ^ Patent 5 108 922- BMP-2A (currently referred to as BMP-2) in U.S. Patents 5,166,058 and 
5 013 64 BMP 2B ^eT^Tas BMP-4) disclosed^ U.S. Patent 5,013,649, BMP-3 in 5,116 738; BMW 
SSJ^WhlwTOBK in 5,108,753 and 5,141,905; and OP-1, COP-5 and COP-7 ,n 5,011,69 . 
m^SJ^S^^m that have been reported to have the capacity to stimulate 

Simulating factor (Horowitz et a/., 1989); and calcium regulatory agents such as parathyro.d hormone (PTH) (Ra.sz 

^irsever^groups have investigated the possibility of using bone f^^l 

Scl ^galSalcassLencodingadesired protein, for examp.eacel.ab 
»n«nt k d rectlv iniected into the joint. Cells that are iransfected with the gene are e.g. synovia, cells. 

fmmune resoles t is clear therefore, that a new method capable of promoting bone repa.r and regeneration ,nwo 
Zld represe a J^MMc and medical advance with immediate benefits to a large number of patients^ 
re^Xaoaplble for use with a variety of matrices and bone-stimulatory genes would be part.cu.any advan- 
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tageous. 
SUMMARY OF THE INVENTION 



[0017] The present invention overcomes one or more of these and other drawbacks 

sufpSing Sng that nucleic acids can be effectively transferred to bone progenitor cells ,n mo and that, m certain 

l Z sequent into ne progenitor cells or tissues. The methods of the invention generally comprise contacfng tan. 

segment into the cells. The cells may be cultured cells or recombinant cells maintained -n wfro, when all that is required 
is to add the nucleic acid composrtion to the cells, e.g.. by adding it to the culture media^ 

[0019] Alternatively, the progenitor cells may be located within a bone progenitor tissue s.te of an an.mal, when the 



3 



EP 0 741 785 B1 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



nucleic acid composition would be applied to the site in order to effect, or promote, nucleic acid transfer .nto bone 
oroaenitor cells* nL In transferring nucleic acids into bone cells within an animal, a preferred method involves first 
Kg £ geneSterial to a bone-compatible matrrx and then using the resultant matrix to contac an appropriate 
ZEZSH the animal. The 'resultant- matrix may, in certain embodiments, be referred to as a matroc impregnated 
with qenetic material, or it may take the form of a matrix-nucleic acid mixture, or even con|ugate. 
rorcuT An Extreme ly wide variety of genetic material can be transferred to bone progenitor cells or tissues using the 
Ssitl Td meU of ^invention. For examp.e, the nucleic acid ^^™££ 
stranded) or RNA (e a., mRNA, tRNA, rRNA); it may also be a "coding segmenl , i.e., one that encodes a prote. .or 
SeX or rt mayt an antisense nuc.eic acid molecule, such as antisense RNA that may function tod«ru P t gen 
Session The nucleic acid segments may thus be genomic sequences, including exons or introns alone or exons 
3SS or coding cDNA regions, or in fact any construct that one desires to transfer to a bone Progenitor eel or 
Usle S able n^ic acid segments may also be in virtually any form, such as naked DNAor RNA mcludtng hnear 
Sc add molecules and plasmids; functional inserts within the genomes of various recombinant viruses including 
viruses w h Sna genomes and retroviruses; and any form of nucleic acid segment, plasmid or v,rus associated wrth 

Z * gold particle, the latter of whteh may be emp.oyed in connection with the gene gun technology. 
roS The invention may be employed to promote expression of a desired gene ,n bone cells or tissues and ^ 
a part cular desired phenotype to the cells. This expression could be increased expression o a gene that ^,s normaHy 
expressed (/e -over-expression"), or it could be used to express a gene that is not normally associated wrth bone 
Zenrtor cet in their natural environment. Alternative*, the invention may be used to suppress the expression of a 
3haT. ^natura "y pressed in such cells and tissues, and again, to change or alter the phenotype. Gene suppres- 
sion may be a ^y of expressing a gene that encodes a protein that exerts a down-regulatory tunc** or rt may ut.hze 
antisense technology. 

1 . Bone Progenitor Cells and Tissues 

ro0221 In certain embodiments, this invention provides advantageous methods for using genes to stimulate bone 
oro^ 

to uNmatehy form, or contribute to the formation of, new bone tissue. This includes 

differentiation such as' for example, stem cells, macrophages, fibroblasts, vascular cells, osteoblasts chondrob asts, 
SSSilSS!L Bone progenitor cells a.so include cells that have been isolated and manipulated ,n 
fSced to emulation with agents such as cytokines or growth factors or even genetically engineered cells. The 
%!£^£im<* bone progenitor cells that are stimulated using the methods and compositions of the invent™ 
are not Important Z long as the cells are stimufcted in such a way that they are actuated and, ,n the context of ,n wvo 

ZSttSSZ t:^™^TZ* particular, refer to those ce„s that are located within, are in 
contact wlh or iSe towaL (/.a, "home to"), bone progenitor tissue and which cells directly or indirectly stimulate 
h To ofTa u e bone. As such, the progenitor cells may be cells that ultimately differentiate into mature bone 
cells that "directly" form new bone tissue. Certs that, upon stimulation, attract further progenitor 
ce is or promote nea by cells to differentiate into bone-forming ce.ls (e.g. into osteoblasts, ovocytes and/or osteo- 
ma s^Ta^so oonsWered to be progenitor cells in the context of this disclosure - as their stimulate ».nd,rectly leads 
SrZne* Cells affecting bone formation indirectly may do so by the elaboration of various growth 
^cJSSlTXE* Pby-a. interaction with other cel. types. Mhough of scientific interest, the direct or 
Srict meSisms by which progenrtor cells stimulate bone or wound repair is not a considerate ,n pract.cng th,s 

raSTBone progenitor cells and bone progenrtor tissues may be ce.ls and tissues that in their natural £«™£> 
arrive at an area o iactfve bone growth, repair or regeneration also referred to as a wound repair site). ^ terms ^ 
oZnlr cells Sese may also be cells that are attracted or recruited to such an area. These may be cells that are 
n^^ 

cells may also be isolated from animal or human tissues and maintained in an ,n wfro environment. Surtable areas of 
JhtboX from which to obtain bone progenitor cells are areas such as the bone tissue and flu.d surrounding a f acture 
or oSskTetol defect (whether or noithis is an artificially created site), or indeed, from the bone marrow. Isolated 
c Tt Z ^ «ed using the methods and compositions disclosed herein and, if desired be returned to an ap- 
an animal where bone repair is tobe stimu.ated. In such cases, the would 
themselves be a form of therapeutic agent. Such ex vivo protocols are well known to those of skill in the art. 

Sa rive at the area of bone fracture or damage that one desires to treat. Accordingly, in treatment errtxrtmente 
Jli nodff^curtyLociat 

^S^SZi be applied. All that is required in such cases is to obtain an appropriate stimulatory compos.t,on, 
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,. . . horoin anH rnntact the site of the bone fracture or defect with the composition. The nature of this biological 

^niSSSS invention involve, generally, contacting bone progenitor ce.is w«h a 
[ oSoneormoreosteotropicgenes(with or without addrtionai genes, proteins or other biomolecules) so as to promote 
exp ession o Taid gene in said cells. As outlined above, the cells may be contacted in wrroor ,n v,vo. This ,s ach eved^ 
in the most direct manner, by simply obtaining a functional osteotropic gene construct and applyng the canto** .to 
hfcelte The present inventors surprisingly found that there are no particular molecular biological modifications that 
^^^SSZTio promote eLctrve expression of the gene in progenitor cells. Contacting the ceUs w«h 
DNA e o atnear DNA molecule or DNA in the form of a plasmid or other recombinant vector, that contains the gene 

and expression of the DNA, with no fu rther steps necessary. ^^wnr, 
tnpreferredembodiments,theprocessofcontactingtheprogenftor cells with ^^^ 0 ^Z 
Kducted In L. Again, a direct consequence of this process is that the cells take up and express the gene and 
that thev without additional steps, function to stimulate bone tissue growth, repair or regeneration. 
Sr'An assay of an osteoinductive gene may be conducted using the bone induction b.oassay of Sampath , and 
K(1981^rpo ra ted herein by reference). This is a rat bone formation assay that ,s routine* used to evaluate 

Senes - ««- « * — * *- * " «" 

novel osteotomy model disclosed herein. 
2. Osteotropic Genes 

100301 As used herein, the terms "osteotropic" and "osteogenic gene" are used to refer to a gene or DNA coding 
eaion th^ encodes a P otein polypeptide or peptide that is capable of promoting, or assist.ng in the promotion of, 
3^TTon. I^SJS. *• rate of primary bone growth or healing (or even a gene that .ncreases the 
S JSS'S!^ tissue growth or healing). The terms "promoting", "inducing" and "stimulating are used 
ne^ 

o e 2SSh an increased rate of bone repair. Thus, an osteotropic gene is a gene at* act 

the phenotype of a cell to change so that the cell either differences, stimulates other cells to differentiate, attracts 
bone-forming cells, or otherwise functions in a manner that urtimately gives rise to new bone tissue. 
r0031 Tn using the new osteotomy model of the invention, an osteotropic gene is characterized as a gene that is 

apable o Zu.at in g proper bone growth in the osteotomy gap to any degree higher than that observed ,n confro 
sSSes e g parallel studies employing an irrelevant marker gene such as p-galactosidase This ; station of proper 
hnne aro^ndudes both the type of tissue growth and the rate of bone formation. In using the model with a 5 mm 

is 9eneraJ characterized as a gene that is capable o, promoting onnduc,g new 
bone formation, rather than abnormal bone fracture repair, i.e., fibrous non-union. In using th m 2 mm ost ^» 
one mav characterize osteotropic genes as genes that increase the rate of pnmary bone healing as compared to 
Z™lt^V«*^ genes capable of stimulating repair of the osteotomy defect in a t.me penod of less than 

r^T^naeneral terms an osteotropic gene may also be characterized as a gene capable of stimulating the growth 
ofregen afon oT S l^hveUes such" as, e.g.. tendon, cartilage, and ligament. Thus, in certain embodi- 
ments *I ^methods and compositions of the invention may be employed to stimulate the growth or repa,r of both bone 
tissue itself and also of skeletal connective tissues. „ raeo nt 
r00331 A variety of osteotropic genes are now known, all of which are suitable for use ,n connection with the p esent 
w!nL Osteotropic genes and the proteins that they encode include, for example, system* hormones, such as 
Svroi Thormone (PTH) and estrogen; many different growth factors and cytokines, chemotactic or adhere pep- 
tides or polypeptides; molecules such as activin (U.S. Patent 5,208,219, incorporated here.n by reference), specrf,c 
bone morphogenetic proteins (BMPs); and even growth factor receptor genes. 

f00341 Examples of suitable osteotropic growth factors include those of the transforming growth fact °r (TGF) 9jne 
amilv including TGFs 1-3, and particularly TGF- P 1, TGF- P 2 and TGF- P 3, (U.S. Patents 4,886,747 and 4 742 003 
reference), with TGF-a (U.S. Patent 5.168,051, incorporated herein by reference) also be-ng 
of pTs b use- and also fibroblast growth factors (FGF), previously referred to as acidic and basic FGF and now 
referred to as FGF1-9- granulocyte/macrophage colony stimulating factor (GMCSF); epidermal growth factor (EOF), 
Si^ft factor (PDGF); insulin-like growth factors (IGF), including IGF-I and IGF- 1, and leukemia inh b^ 
*X£w+o known as HILDA and D.A Any of the above or other related genes, or DNA segments encoding 
fh Sve portions of such proteins, may be used in the novel methods and compositions of the ■nvent.on. 
Joss cSE Preferred osteotropic genes and DNA segments are those of the TGF superfamily, such as TGF- P 1 . 
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TGF-B2 TGF-B3 and members of the BMP famihy of genes. For example, several BMP genes have been _cfanad I that 
are ideal candidates for use in the nucleic acid transfer or delivery protocols of the invent™. Suitable BMP genes are 
those designated BMP-2 through BMP-12. BMP-1 is not considered to be particularly useful at this stage. 
oSei I There is considerable variation in the terminology currently employed in the literature in referring to these 
s genes and poypeptides. It will be understood by those of skill in the art that all BMP genes that en^ an ^ 
osteogenicp^ 

For example BMP-3 is also called osteogenin and BMP-7 is also called OP-1 (osteogenic protem-1). It is kely that 
the fami7oHacm termed OP(s) is as large as that termed BMP(s), and that these terms, in fact, describe the same 

,o ^^SKSiSJfor several BMP (or OP) genes have been described both in scientific articles and in a 
S Pa ents such as 4 877 864; 4,968,590; 5,108.753. Specially, BMP-1 sequences are disclosed in U.S. Patent 
5 108 922 BMP-2A (currently referred to as BMP-2) in U.S. Patents 5,166,058 and 5,01 3,649; BMP-2B (currently 
referred to as BMP-4) disclosed in U.S. Patent 5,013,649; BMP-3 in 5,116,738; BMP-5 in 5,106 748, BMP-6 in 
5 87 076 and BMP-7 in 5,108,753 and 5,141,905; all incorporated herein by reference). The article by Wozney e 

1S a'/ 0988 incorporated herein by reference) is considered to be particularly useful for, descr^g n£o*^ 
and their activities. DNA sequences encoding the osteogenic proteins designated OP-1, COP-5 and COP-7 are also 

STa; of ^S.S. Patents are incorporated herein by reference and are intended to be used in 
order o supplement the present teachings regarding the preparation of BMP and OP genes and DNA segment 

20 express osteotropic polypeptides. As disclosed in the above patents, and known to those of skill in he art, the original 
ZTe^Zb^L or DNA segment to be used in a therapeutic regimen need not be of the same species 
ZZan^r^aL In this regard it is contemplated that any recombinant PTH. TGF or BMP gene may be 
empbyedTc promote bone repair or regeneration in a human subject or an animal, e g a horse Particular* pre erred 
genes are those from human, murine and bovine sources, in that such genes and DNA segments are readily ^able 

2S with the human or murine forms of the gene being most preferred for use in human treatment r^imens^ Recombinant 
proteins and polypeptides encoded by isolated DNA segments and genes are often referred to wrth the P«tartor 
recombinant and W for recombinant human. As such, DNA segments encoding rBMPs, such as rhBMP-2 or rhBMP- 
4 are contemplated to be particularly useful in connection with this invention. 

rooaTte S nrtion of a "BMP gene", as used herein, is a gene that hybridizes, under relatively stnngent hybridi- 

[0040] To prepare an osteotropic gene segment or cDNA one may follow the teachings disclosed herein , and also 
heieachings of any of patents or scientific documents specifically referenced herein. Various nucleotide sequences 
encS -tie BMPs are disclosed in U.S. Patents 5,166,058, 5,013.649, 5 116,738, 5,106,74^ , ^ 076 ^ 
753 and 1 5 011 691 each incorporated herein by reference. By way of example only, U.S. Patent 5,166,058, teaches 
3 s that hBMP 2 s encoded by a nucleotide sequence from nucleotide #356 to nucleotide #1543 of the sequence shown 
n Table II of the patent. One may thus obtain a hBMP-2 DNA segment using molecular biological tec 
polymerase chain reaction (PGR™) or screening a cDNA or genomic library, using primers 

based on the above nucleotide sequence. The practice of such techniques is a routine matter for those of i i the 
art, as taught in various scientific articles, such as Sambrook et a/.. (1 989), incorpora ted r*^™? 
40 documents further particularly describe suitable mammalian express,on vectors, e.g., U.S. Patent 5,168,050, mcorpo 

[o^ir r SsteotIo^ 

composes and methods are the TGF, PTH and BMP genes. TGF genes are described ,n U.S. Patente 51 68,051, 
4 886 747 and 4 742,003, each incorporated herein by reference. TGFa may not be as widely apphcaWeas TGFB 

45 but is proposed for use particularly in applications involving skeletal soft tissues. The P™ gene, or a DNA segment 
encoding^ active fragment thereof, such as a DNA segment encoding a polypept.de hat includes ft. am n acids 
1-34 (hPTH1-34 Hendy et al„ 1981; incorporated herein by reference) is another preferred gene, as are the BMP 
genes termed BMP-4 and BMP-2, such as the gene or cDNA encoding the murine BMP-4 disclosed herein. 
?0042] It is also contemplated that one may clone further genes or cDNAs that encode an osteo tropic pro tern ^or 

so polypeptide. The techniques for cloning DNA molecules, i.e., obtaining a specific coding sequence from a j)NA library 
thaHs oistinct from other portions of DNA, are well known in the art. This can be achieved by for example, ^screen ng 
an appropriate DNA library, as disclosed in Example XV herein, which relates to the cloning of a wound healing gene. 
The sc ^ procedure may be based on the hybridization of oligonucleotide probes, designed from a consideration 
of SorSSTs ^?he amino acid sequence of known DNA sequences encoding related osteogenic proteins. The operafon 

for examole in Sambrook et al, (1 989), incorporated herein by reference. 

0043] £ ot^pic genes with sequences that vary from those described in the Irterature are also encompassed by 
[he invention, so long as the altered or modified gene still encodes a protein that functions to stimulate bone progenrtor 
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r«ib in anv direct or indirect manner. These sequences include those caused by point mutations, those due to the 
Zt^Tm^l code or naturally occurring allelic variants, and further modifications that have been intro- 

ies 2 \heTncZ p Zs or polypeptides are well known in the art, e.g., U.S. Patent 4,51 8,584. incorporat ed herein 
TreiTence which techniques are also described in further detail herein. Such motivations include the deletion^ 
fnsertio r 8 *ubs«ution of bases, and thus, changes in the amino acid sequence. Changes may be made to increase 
J!!SZSmSSdl a protein, to increase fts biological stability or half-life, to change rts glycosylate pattern, 
S «, such modifications to the nucleotide sequences are encompassed by this ^ventor 
SmS It will of course, be understood that one or more than one osteotropic gene may be used in the methods and 
SnSsit oZ o "the invention The nucleic acid delivery methods may thus entail the adm,n,strat,on of one, wo, three. 
?%?2i^7ZZ The maximum number of genes that may be applied is limrted only by practical cons.der- 
a ions stTas S effort involved in simuhtaneously preparing a .arge number of gene construct ■ « ™ 
o I iting a significant adverse cytotoxic effect. The particular combination of genes may be t w or mo d, s net BMP 
nLn«- or it mav be such that a growth factor gene is combined with a hormone gene, e.g., a BMP gene and a pth 
fane a norZe or glowthtctor gene may even be combined with a gene encoding a cel. surface receptor capab.e 

outers a they may be prepared as separate constructs of the same or deferent types. Thus, an almost endless 
SSo o dI2 genes and genetic constructs may be employed. Certain gene combinations may be designed 
he "use may otherwise resuft in, achieving synergistic effects on cell stimulation and bone growth, any and an 
such — 

been described in the scientific literature, so that one of ordinary skill in the art would read.ly be able to identrty likely 
evrwniQtir npne combinations, or even gene-protein combinations. 

SS ralso be understood that, ! desired, the nuclei acid segment or gene could be administered in comb, 
Ew hCher agents, such as, e.g., proteins or polypeptides or various pharmaceutical^ act 've agents^So long 
af aenS material forms part of the composition, there is virtually no limit to other components which may also be 
fnclfdetgive Ta he additional agents do not cause a significant adverse effect upon ^J^^J^Sf 
or issues The nucleic acids may thus be delivered along with various other agents, for example, , certain embodi- 
1ms one may wish to administer an angiogenic factor, and/or an inhibitor of bone resorption, as disclosed in U.S. 
Patents 5,270,300 and 5,118,667, respectively, each incorporated herein by reference. 

3. Qene Constructs and DNA Segments 

r0O481 As used herein the terms "gene" and "DNA segment" are both used to refer to a DNA molecule that has been 
Q2d £ nomic DNA ofa particular species. Therefore, a gene or DNA 

a«Z H to a DNA seqment that contains sequences encoding an osteotropic protein, but is isolated away from, or 
SSL^^SS^ <* the species from which the DNA is obtained. Included within the term "DNA 
seamen! 1 are DNA segments and smaller fragments of such segments, and also recombinant vectors, including, for 
GxamDle Dlasmids cosmids, phage, retroviruses, adenoviruses, and the like. 

iSS The tern "gene" is used for simplicity to refer to a functional protein or peptide encoding umt. As w H be 
Stood by thTse in the art, this functional term includes both genomic sequences and cDNA sequences. Isolated 
JbSXaway from other coding sequences" means that the gene of interest, in this case an osteotropic gene 
orm^hSS part of the coding region of the DNA segment, and that the DNA segment does not contain large 
Sons o? SSj-Scurring coding DNA. such as fcrge chromosomal fragments or other functional genes or cDNA 
cS^egio^ra course, thfs refers to the DNA segment as originalfy isolated, and does not exclude genes or coding 
regions Z as sequences encoding leader peptides or targeting sequences, later added to the segment by the hand 

This invention provides novel ways in which to utilize various known osteotropic DNA segments and recom- 
Evec^s As described above, many such vectors are readily available, one particular detailed exampeofa 
s uTbl vector for expression in mammalian cells is that described in U.S. Patent 5,168.050, incorporated heron by 
^MmTttNwr ?here is no requirement that a highly purified vector be used, so long as the coding segment 
encodes a osteotropic protein and does not include any coding or regulatory sequences that wouK ave^ a 
SSant adverse effect on b'one' progenitor cells. Therefore, ltv.ll also be understood t^ US e « c a -d - 
auences may include additional residues, such as additional non-coding sequences flanking either of the 5 or 3 portions 
dthe codTg region or may include various internal sequences, I.e., introns. which are known to occur within genes, 
raosil I Arte Tn%ing an appropriate osteotropic gene or DNA molecule, it may be inserted into any one of the 
^JZSmS ^own n the art, so that 1 will direct the expression and production of the osteotrop.c protein 
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when incorporated into a bone progeny,, ,n a^binant — ^^^^^ 
segment is positioned under the control of a P^ r J^^lSSh! ne 5 n 0n <oding sequences located 

iszttzs^ pcr ™ ~ in °° n - 

Remoter that effective* directs the expression o, the ^^^^Z^ t0 tho se of ski., in the 
[0 P 053] The use of recombinant promote* to . Kh.eve prot «^^S^^ may be constitute or 
l art of molecular biology, for example, see ^ b ™^^ 

inducible, andean be used underthe approbate tne SV4 0 promoter alone, and 

DNA segment. The current* preferred promoters are those such as CMV, Hbv n, 

the SV40 promoter in combination with various enhance ,r whjch js , ocated wjtnin the 
[0054] Osteotropic genes and ^^^^^^^ adeno^ssociated virus (AAV) or 

[0055] in certain preferred -*><f^ 

the materia, in recombinant wus ^ock the ma trix, thereby contacting the virus and 

with the resultant, .mpregnated matrix. Cells then P enei ™ e ' H cDNA and expressing the encoded protein, 

altowingviral infection which leads ^ the cells tak.ng up the desied^ 

[0056] in other preferred embodiments one would 1tx ^^^£^ n ^ admixed matrix. The 
L ptesmid or a viral vector, and contact the ^^T^^^^Ji surfac e, or in the immediate 

^SSISXi DNA to a cel. is immaterial to the practice of the present mvent.o, 
4 Bone-Compatible Matrices 

the matrix-gene composition is then placed in contact with *e bone p °^ n "° containing the DNA, such as a 

impr egna,ed with a gene DNA segment simply by J^^^^^alKJUtt^^ 
plasmid solution, for a brief period of time of an ywhere f rom etoout ! ™u e or saupto g ^ 

£,058] Matrix-gene compositions are all ^^J^J^!^^^ with the' matrix" means 

transfer to the bone progenitor cell or its release ir i the bone tissue s,to ^ jg vjrtua(|y 

[0059] The type of matrix that may JiCS^SSS has all the features common* asso- 

limitless, so long as it is a "bone-compatible matrix Th is means i that tne ma ^ ^ 

ciated with being "biocompatible", in that « ,s ,n a ,ta it at does not odu<* ^ ^ ^ 

untoward reaction when administered to an animal, and that .t is e l associated with any given therapy. 
A "significant" adverse effect is one that exceeds the norma.* ac a ^Scant adverse 
[0060] "Bone-«>mpatib^ 

or untoward reaction when placed in contact with ^^^^^ to example, the capacity of the 
compatible matrbc, one may, optional*, take various other factors^o "the body after the bone has been 

of the factors that may be considered. ,^, ihnn H that the matrix will be transported into the cell, 
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through which progenitor cells may r migrate ^ ^ c jmp|ants and 

issilstii 

Sng nat 'e ty'pe 5 coilagen, as prepared from cartilage, ^rwto^ '^po, m ers have been shown 
T00691 PLGA block copolymers may also be employed as gene transfer matrices. Sucn polymers n<* 

radiographic visualization. 
5 Nucleic Acid Transfer Embodiments 
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gene composition in contact wrth the body site, or by injecting a syringeable form of the matrix-gene composition into 
Jquid FoS insertion into the body, the composition will equilibrate towards body temperature, and ,n sc-do-ng w.ll 

S ^TitlTo^SLompasses DNA-baaed co.pos.toa .or us. In c*» »ans.e, .o M bona 
i^2£Z^££*EL o° mapM-on a ben. p.ogen.0, - * « - "™' T ™ 
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■a ,„h a « moioori or desianed matrix-qene compositions. The devices of the invention naturally comprise 
^t^lr^l^^ZS^e is associated with the matrix. The combination of genes and 
3 ^S^T^tS^L is capable of stimulating bone growth or healing when implanted ,n an 
^.TS^ be of Vila!! any size or shape, so that their dimensions are adapted to fit a bone fracture 

raoC TTereuti 0 c n kKs comprising, in suitable container means, a bone compatible matrix, such as type II collagen 
SJplg! S^m^ZTi^opic gene form another aspect of the invention. Such ktts w I generally 
^tainfoh^aSSy acceptable formulation of the matrix and a pharmaceutical* acceptable formulation of an 
^XE gTe Tsucl; 2 VSZ BMP, TGF-p, FGF, GMCSF, EGF, PDGF, IGF or a LIF gene. Current* preferred genes 

rol qen^ The confer means may, if desired, contain a pharmaceutical* acceptable sterile synngeable matt* 
^Wttrt^ the osteotropte gene composition and, optionally, a detectable label or .mag.ng agent. The 
syh geab ^ma ix^ormulation may be in the form of a gelatinous composition, e.g., a type I. coHagen-DNA com- 
2 nr mS even be in a more fluid form that nonetheless forms a gel-like composition upon administration to the 
bSvTn theTe cases the container means may itself be a syringe, pipette, or other such like apparatus, from which 
uSmltrix DN/^ rSter al may ^applied to a bone tissue site or wound area. However, the single container means 
Z^^X^6, mire of a matrix and osteotropic gene composition, which may or may not require 

EST A^atXhe kits of the invention may comprise distinct container means for each component In such 
cases one container would contain the osteotropic gene, either as a sterile DNA solution or ,n a lyoph.l zed form and 
Mother contaLTr would include the matrix, which may or may not itself be pre-wetted with a sten.e so.ut.on, or be .n 

r£ tin The TJZTS^Z* or third container means for containing a sterile, pharmaceutic ac- 
epta ,e ^er diZt TsoZ Such a solution may be required to formulate either the DNA component he mat™ 
ompo en both components separately, or a pre-mixed combination of the components 

for anolicat ion to the body e a , a more gelatinous form. It should be noted, however, that all components of a kit couw 
be S a r33^ wnich would allowfor "wetting- upon contact with body fluids. Thus, he presence 
of Zfle of DhamaceuUcally acceptable buffer or solvent is not a requirement for the kits of the invention. The kits 
n^^ 

S" ISL means will genera.ly be a container such as a vial, test tube, flask, bottle, syringe or other 
olLr mearc TZ which the component of the kit may placed. The matrix and gene components may also be 
aSted into ^containers, should this be desired. The ktts of the present invention may also 
toSnSgthe individual containers in Cose confinement for commercial sale, such as, a. a., injection or blow-molded 

plastic containers into which the desired vials or syringes are retained. _ rnmnri ^ nr ha Dacka aed with 

rnosTl Irresoective of the number of containers, the kits of the invention may also comprise, or be packaged witn 

the placement of the ultimate matrix-gene composition within the body ^of an ammal. 
Such anTnstrument may be a syringe, pipette, forceps, or any such medically approved del^ery veh,cle. 

6. Type II Collagen as an Osteoconductive/inductive Material 

I-00881 The present invention also provides methods for stimulating bone progenitor cells, as may be applied in 
ert all ciLumstances to promote new bone formation, or to stimulate wound-healing. As such, the bone progeny 
ceJs ha a Tthe targets of the invention may also be termed "wound healing b ™P^ enit0 \ ce '^ 
Z oTof wound healing itself may not always be required to practice all aspects - 
mechanistic understanding is not necessary to practice the invention, it -s generally thought that the wound healing 

nroress does ooerate durinq execution of the invention. ™,,w 

E ^fo stimulate a bone progenitor cell in accordance with these aspects of the invent.on, generally one would 
contact a Done firogenitor cell with a composition comprising a biologically effective amount of typs ^ 
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rnnam Th« forms of tvoe II collagen that may be employed in this Invention are virtually limitless. For example, type 

■ 1 i ^^ix^^x^^^ ° f **■ trachea ' ° r as i$o,ated tr ° m diarthrodiai ioint ?,° r 9 

Ew I 7. hthe ton ol calcium phosphafc. Both naliv. and recombinant lyp. II opllagan may ba sppplamantod 

a« a,a olearly distinguishable from rba typaa ol -mineralized eollagen previoeely deeenbed. P.O.. rn U.S. Patent 
coqi 1 fiQ that ripscribes the preparation of mineralized total collagen fibrils. 

f 00921 At?obi^ct^Hhte aspect of the invention is to provide a source of osteoinductive matrix material taUny 
" So J Criteria Although clearly nol r.quired lo, ..activa respite, Ih. po«nb,na,K>n o. natr.. o, r.combrnan. 

!on^D?!^ on the individual case, the artisan would, in light of this disclosure, readiiy be able to calculate an 

30 SS^ts' fnd sma^i £!L « 2£ any values within these contemplated ranges may be useful in any 
one of the main variables to be accounted ^^^^^^^^^^ 

Se Sl th^n b V e emptoyed in the methods of the invention, gKren careful supervise by the prac- 

In contacting or applying type II collagen, with or without a DNA segment, to bone progenitor "lis located 
Ea bcTpmgXtSsue sKf an animal, bone tissue growth will be stimulated. Thus, bone cav,ty s,tes and 

?0^T C The e us m e a of ^XenCLination with a nucleic acid segment that encodes a polypeptide or protein 
KflL^^^genNor cells when expressed in said cells is preferred, as described above. Nucleic acri seg- 

nOM Although type II collagen alone is effective, tts combined use with an osteotropic gene segment ma> ^ prove 
SS sy ergisticl'd particularly advantageous effects. Type I, collagen, whether 

also be formulated into a therapeutic Kit with an osteotropic gene segmenUr ^S^S^tSS 
hereinabove. This includes the use of single or multiple container means, and ^ 
delivery vehicle, including, but not limtted to, syringes, pipettes, forceps, add,t,onal diluents, and the l.ke. 

BRIEF DESCRIPTION OF THE DRAWINGS 

ss raoMl The drawings form part of the present specification and are included to further demonstrate certain aspects 
*Ep£i Son Seinvention'may be better understood by reference to one or more of these drawings ,n 
combination with the detailed description of specific embodiments presented here.n. 
[01 00] FIG. 1 . A model of DNA therapy for bone repair. 
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.01011 FIG 2A. A schematic model of the cellular and molecular basis of the direct DMA transfer mechanism into 

5 miS (F HG 2 2C A schematic model of the cellular and molecular basis of the direct DNA transfer mechanism into 
ZZ^in ^^ - fractured ceils taking up DNA as an episoma. element, i.e. direct gene transfer ,n 

roi°041 FIG 2D A schematic model of the cellular and molecular basis of the direct DNA transfer mechanism into 
,„ ^^u!^SL are fractured repair cells synthesizing and secreting recombinant prote,ns encoded by 

the episoma. DJ* ^ ^ ^ ^ ^ basjs Qf djrect DNA transfer mechanism into 

n<stfioaenic cells in vivo. Shown is the resulting new bone formation. 

SSSThqWL Axles' tendon gene transfer is shown as a time course overview at 3 weeks post-surgery, 
tf mS FIG* 3B A* lies' tendon gene transfer is shown as a time course overview at 9 weeks post-surgery. 
oS RG 3C Ach lies' tendon gene transfer is shown as a time course overview at 12 weeks post-surgery. 
S3 2« 3D Ach lies' tendon gene transfer is shown as a time course immunohistochemistry study. Shown .s the 
SSL^^Sl^ rLved SIS implant impregnated wKh expression plasmid DNA. Note the posrt.e 

SLS^^^S^mlu. that received SIS implant alone, without DNA. Note the relative absence of cytoplasm, 
[Oltn 9 FIG 4.Monitoringofcruciateligamentgenetransferusingasubstrateutilizati^ 

* • nn or ^is soaked in a solution of the pSV40p-gal expression plasmid, tendon tissue was harvested, briefly 

foST HO in.o regeneraUng bone: Hal «** Th, figurs compana. 

S=a'a^ 

KTnT^^ gen. ,-ans.ar montaad by PTH s,ud,« in N. b.bdy an axp.ssaion pMmid ^ng ,0, 

hree weeks and the animals were sacrificed. Shown is a radiograph of the osteotomy gap o the an.mal that received 
the sense hPTH1 -34 GAM construct. Note the presence of radiodense tissue in the gap (arrow). 
0 15] F.C 6B Osteotomy gene transfer (FIG. 6A) monitored by PTH studies. Shown ,s a radiograph of the osteo - 
K gap of the control anima?that recerved an antisense hPTH1-34 GAM construct. There was no evidence of radi- 

45 miTel 3 To* Osteotomy gene transfer (FIG. 6A) monitored by PTH studies. Shown is a histological section of 
SeoLy?epS\2ue^Zth 9 : same control animal as in FIG. 6B. The section is characterized by the presence of 

rSr^rowsSninq of spindled cells. The BMP-4 transgene included an epitope tag (HA epitope, Pharmac.a) 
ss , transgenic BMP-4 molecules. "Hssue staining was performed 
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[0119] FIG 7B Osteotomy gene transfer BMP-4 studies. Shown is the histology of newly formed bone as early as 

£5 " eeks hasTeen ambulating normally wrthou. an externa, fixator for the past 7 weeks. Similar results have been 
obtained in a second long term animal (of two) that is now 17 weeks post-op. nBanilonra n1 rmp-4 oene 

EmS] FIG 8B. Radiographic evidence of bridging new bone formation (arrows) as a consequence of BMP-4 gene 

rJSnsoonoewithoutDNAof any type. Theanimal was maintained for 9 weeks follow.ng surgery and then sacrrficecT 
S^^C^i V£ W was monitored radiographic^ and histologically. Shown . a radiograph 
of the osteotomy gap at 9 weeks. Note the absence of radiodense tissue in the gap. 

roi 24] FIG 9B Shown is a histological section of osteotomy gap tissue from the control an,mal used in FIG 9A. The 
section is characterized by the presence of granulation tissue fibroblasts and cap Janes. 

mi25l FIG 10 PLJ-HPTH1-34 expression construct. A cDNA fragment coding for a prepro-hPTH1-34 peptide was 
Sated by PGR™ (Hendy efa... 1981) and then ..gated into a BamH. Coning site in the PLJ retroviral expression 
^ ^Several independent clones with the insert in the coding orientation were ,so.a,ed and 

SSTSf 11 Southern analysis of retroviral integration in the YZ-15 clone. 10 mg of YZ-15 genomic DMA were 
fragment that coded or prepro hPTHI I 34 was us P recombinant, replication- 

sizes (kb) are shown at the left of the figure. As expected, a fragment of the predicted s.ze (e.g., 4.3 kb) ,s seen only 

£S 1 E 'SSSZSESZi a Bat-1 Con, Po,y-A( + )RNA was prepared from the YZ-15 
Cone and analzed by Northern blotting as described (Chen et a/., 1993). FIG. 12 contains two panels on a single 
Polv AM^NA Dreoared from PLJ -hPTH1-84 cells, BAG cells, and native Rat-1 cells were used as positive and 

As expected, the hPTH 1-34 transcript is seen on* in lane 1 (positive control) and in lane 3-4, a Ateotranscr.pt is seen 
in lanes 1 -3" a B-aal transcript is seen only in lane 2; and B-actin transcripts are seen in lanes r 1-4 
0128] F?G 13 Northern analysis of poty-AC) RNA demonstrating expression of the PTH/PTHrP receptor ,n osteot- 



[0128] 

SST hgT;." Overlapping murine cDNA clones representing the LTBP-like (LTBP-3) sequence. A partial repre- 
S^restriction sites is'shown. N, A/col; P, PvUiV, R, Ml; B. BamHI; H. HUH. The numbering system at the 

?o1T"a^ 

shown below the diagram. Symbols designating various structural elements are defined in the legend to FIG. 15B. 
roi31] HO 1M A schematic showing the structure of the murine LTBP-like (LTBP-3) molecule. Domains #1 - are 
" noted bCow fhe diagram. Symbols designate the following structura. elements: ^KSSSTS 
TGF-bo repeats- open ovals; Fib motif: open circle; TGF-bp-like repeat: patterned oval, cyste.ne-r.ch •^neM^tt 

SneS 

#3 Note that symbols designating the signal peptide have been deleted for simplicity^ Addrtionally the schematic 
ILm« ha EOF like and EGF-CB repeats may extend for several amino acids beyond the C 6 position. 

The svmbols designating the structural elements are defined in the legend to FIG. 15B. 

whole embryos sectioned in the sagittal plane near or about the midline. Identical condrtions were maintained through- 



14 



EP 0 741 785 B1 



outautoradiographyandphotography, thereby allowing a comparison of the overall sUength of hybridization in all tissue 
sections The transcript is expressed in connective tissue, mesenchyme, liver, heart and CNS. 
[0134]^ nGL 1 7A. Selected microscopic views of mouse LTBP-3 gene expression in day 8.5*9.0 px. mouse J^®^®^" ^ 
issues All photographs in FIG.17A- FIG. 17D were taken from the sameslides used to prepare whole mount sections 
s after dipp n slides in radiographic emulsion). Shown is the neural tube, brightfield image. 1 cm = 20 mm 
01351 RG?^ 

tissues. Shown is the neural tube, darkfiekJ image. Note expression by neuroepithelial cells and by surrounding mes- 

10 [issues. Shown is the heart, brightfield image. The figure demonstrates expression by myocardial and endocardial 
(arrowheads)^ 

tissues Shown is the heart, darkfield image. The figure demonstrates expression by myocardial and endocardia (ar- 
oTids)^s DarkfieW photomicrographs were taken after exposure of tissues to photographic emu sion to 2 
is weeks in this image and the one shown in FIG. 17B, red blood cell and other plasma membranes give afaint whrte 
sianal that contributes to the background of the experiment. 1 cm = 20 mm. 

mmiSrvS. Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c mouse developing 
issues All photographs in FIG. 18A - FIG. 18P were taken from the same slides used to prepare whole moun sections 
i dip ing s.Ss in radiographic emulsion). Shown is the cartilage mode, of developing long ^ rom ower ex- 
20 remity brightfield image. Expression by chondrocytes and by perichondral cells .s seen in FIG. 18B. 1 cm - 20 mnr 
01391 FIO 18B. Mteroscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
Sues Shown is the cartilage model of developing long bone from lower extremtty, darkfield image. Note expression 
oy^ 

Xeafaintwhrtesignalthatcontributestothebackgroundoftheexperiment.Notetheabsenceofs P ur,oushybr,d,zat.on 

25 signal in areas of the slide that lack cellular elements. 1 cm = 20 mm. . . . n 

[0140] FIG. 18C. Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
tkques Shown is the lunq, briqhtfield image. 1 cm = 20 mm. 

tissues. of mouse 9 LTBP . 3 gene expression in day 13.5 and day 16 p.c. mouse deve.op.ng 

tissues Shown is the heart, brightfield image. 1 cm = 20 mm. 
so 01«1 FIG 18E. Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
tissues Shown is the lung, darkfield image. Note expression by epithelial cells of developing airway and by the sur- 

^iST^™'^™ 9 ene expression in day 13.5 and ? 16 p.c. mouse^v eloping 
issues Shown is the heart, darkfield image. Note continuing expression by myocardial cells. 1 cm = 20 mm. 
35 lom] nG 18G. Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
tissues Shown is the pancreas, brightfield image. 1 cm = 20 mm. 

tissues. Shown jji ^ ^ ^ . p ^ ^ ^ rfay ^ pc mouse deve|op|ng 

tissues Shown is the intestine, brightfield image. 1 cm = 20 mm. „„ t ~ olloc 
0H6] nG 181 Microsco P yofmouseLTBP-3geneex P ressioninda y i3.5andday16 P .c.mousedevelop,ngt,ssues. 

40 Shown is the pancreas, darkfield image. Note expression by acinar epithelial cells. 1 cm = 20 mm. ... 
10W nG 18J. Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
issues. Shown is intestine, darkfield image. Note the expression in epithelial and subepithelial eel Is 1 ^ = 2° mm. 
[0148] nG 18K. M^roscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 P .c. mouse developing 

* Sf ^^^^'^^^ in day 13.5 and day 16 ,c. mouse developing 

K? ^18^ M^y' oJ3 e 1 L^gTa expression in day 13, and day 16 p.c. mouse devejopjjg 
[issues Shown is kidney, darSield image. Note expression by blastemal cells beneath the kidney capsule, epithelial 
cells of develODinq nephrons and tubules, and the interstitial mesenchyme. 1 cm = 20 mm. 
50 ra 511 nG 18N Mteroscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
" [issues. Shown is the skin, darLd image. Note the expression by epkJermal, adnexa. and dermal cells of developing 



[oTsai C FrG 2 180 m Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
tissues. Shown is the retina, brightfield image. 1 cm = 20 mm. 

01531 FIG 18P. Microscopy of mouse LTBP-3 gene expression in day 13.5 and day 16 p.c. mouse developing 
[Sues. Snown is the retina, darkfield image. Note expression by retina. epitheHal cells and by adjacent connective 

loi S 54] Ce nG. lafime-Zendent expression of the LTBP-3 gene by MC3T3-E1 cells. mRNA preparation and Northern 
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blotting were preformed as described in Example XIV. Equal aliquots of total RNA as d ^^S^TS 
were loaded in each lane of the Northern gel. As demonstrated by methylene blue naming (Sambroo . et a, 1 989), 
equal amounts of RNA were transferred to the nylon membrane. The results demonstrate a clear, ]^ "ijj^" 
3 gene expression by 1 4 days in culture. Weaker signals denoting LTBP-3 gene express™ also can be observed after 

5 specificany binds LTBP-3 epitopes, Transfection of 293T cells with a full length 

522 LTBP-3 expression plasmid folded by radiolabe.ing, preparation of medium -^^^S^S^ 
and 4-18% gradient SDS-PAGE were performed as described in Example XIV. The figure presents a SDS-PAGE au 
forad Jgramof medium samples following a 2 day exposure to film. Lane assignments are 

10 beled 293T medium (prior to transfection) immunoprecipitated with preimmune serum; Lane 2, radiolabe ed 293T me 
dfumfori^rsTeS 
Tctton^ 

Lane 4 radtofabeled 293T medium (following transfection) immunoprecipitated with antibody #274. As ,nd,cated by 
tho har ths full lenath LTBP-3 molecule migrated at 180-190 kDa. t 

is 01561 RG 2 S immunopreciprtation of LTBP-3 and TGF-p1 produced by MC3T3-E1 cells. Aliquots (-.10* incor- 
porated CPM) of'radilbeled media produced by MC3T3-E1 cells after 7 days in culture were .mmunoprecprtated as 
S S in Exlmple XIV. Bars indicate the position of cold molecular weight stands ; used o |«<Mecu a 
weioht (Rainbow mix Amersham). Immunoprecipitates were separated using 4%-18% gradient SDS-PAGE and re 
ZZ 2SSL T^eTgure shows a negative control lane 1 consisting of MC3T3-E1 medium immunopreciprtated 

zo wtth an^TBP 3 antibody #274. Western blotting was performed using the tower portion of the gradient gel and a 
romme^ly available antibody to TGF-01 (Santa Cruz Biotechnology, 

commercially available reagents and protocols (ECL Western Blotting Reagent, Amersham). MC3T3-E1 medium was 
immunoprecipitated with anti-LTBP-3 antibody #274. O « orc „ rnor „ 
01571 FIG 22A. Radiographic analysis of the type II collagen osteotomy gap three weeks after surgery. 
25 0158 FIG! 22B. Radiographic analysis of the type I collagen osteotomy gap three weeks after surgery. 

r0159l FIG. 22C. Histologic analysis of the type II collagen osteotomy shown in FIG. 22A. Iartrnu *u 
[0160] FIG. 23A. Adenovirus-mediated gene transfer into bone repair/regeneration cells in wo. Positive (arrows) p- 
aal cytoplasmic staining is observed in the fracture repair cells. .. Ban 

[0 61] F.G 23B. Adenovirus-medfcted gene transfer into bone repair/regeneration cells »™ ne 9" 

so Z\ control strained with the vehicle of the p-ga. antibody plus a cocktail of non-specific rabbrt 9^f^ 

ra 62] RG. 23C. Adenovirus-mediated gene transfer into bone repair/regeneration cells m vivo. Osteotomy srte^ was 
Sed iwith a fibrous collagen implant material soaked in a solution of the replication^efective recomb.nant adenov r s 
Ac^RSVp-gal (=1 0 11 plaque forming units/ml). Note the positive (arrow) p-ga. nuclear staining of chondrocytes within 
the osteotomy site, as demonstrated by immunohistochemistry using a specific anti-f>gal antibody. 

35 [OieTnQ 24. The murine BMP-4 amino acid sequence, SEQ ID NO.1. The HA eprtope ,s shown ,n bold at the 
extreme carboxy terminus of the sequence. 

r0164] RG. 25. DNA sequence of the murine LTBP-3 gene (SEQ ID NO:2). 
0165] RG 26. Amino acid sequence of the murine LTBP-3 gene product (SEQ ID NO:3). 
r0166] FIG. 27. DNA sequence of the murine LTBP-2 gene (SEQ ID NO:17). 
40 [0167] RG. 28. Amino acid sequence of the murine LTBP-2 gene product (SEQ ID NO:18). 

DESCRIPTION OF THE PREFERR ED EMBODIMENT 

1 . Applications of Bone Repair Technology to Human Treatment 

[0168] Thefollowingisabriefdiscussionotfourhur^^^^ 

hat would benefit from the development of new technology to improve bone repair and heahng pro es ~£«ton 
to the following, several other conditions, such as, for example, vitamin D deficiency; wound heahng ,n general soft 
skeletal tissue^epair; and cartilage and tendon repair and regeneration, may also benefit from technology concermng 

S ° Sr^S5?TC3S4. wealthy individual who suffers a fracture. Often, c'™ = is 
reated bv castinq to alleviate pain and allow natural repair mechanisms to repair the wound. Wh,le there has been 
^^!S!S£^lJLn in recent times, even wrthout considering the various complicates that may arise 
S »d bones, any new procedures to increase bone healing in normal circumstances would represent a 

" Second example which may benefit from new treatment methods is osteogenesis imperfecta WOI en- 
comZsesvarbus^ 

^s and St ne 992; Prockop, 1 990). About one child per 5.000-20,000 born is affected with Ol and the d.sease 
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is associated with significant morbidrty throughout life. A certain number of deaths also occur, resu ting in part from the 
Lh oropensity for bone fracture and the deformation of abnormal bone after fracture repa.r (Ol types IHV Bonadio 

bv the development of new therapies designed to stimulate and strengthen the fracture repair process. 

5 1% O^l a mild disorder characterized by bone fracture without deformity, blue sCerae, normal or near 
normal stature and autosomal dominant inheritance (Bonadio and Goldstein, 1993). Osteopenia ^ 
increased rate of lone bone fracture upon ambulation (the fracture frequency decreases dram* cally at puberty and 
duTng young adu« life, but increases once again in late middle age). Hearing loss, which ^££«*r£* 
or third I decade, is a feature of this disease in about half the families and can progress desprte the general dechne ,n 

10 fracture frequency. Dentinogenesis imperfecta is observed in a subset of individuals. 

mm n contrast Ol types ll-VI represent a spectrum of more severe disorders associated with a shortened Irfe- 
pan 01 Spe The perinatal lethal iL, is characterized by short stature, a soft calvarium blue sclerae, frag^ sk.n 
a smaN chest floppy appearing lower extremities (due to external rotation and abduction of the femurs), fragile tendons 
VX^SL fracture with severe deformity, and death in the perinatal ^"^^^2 

15 Radiographic signs of bone weakness include compression of the femurs, bowing of the tibiae, broad and beaded nbs, 

[O^foi l^ni ^characterized by short stature, a triangular facias, severe scoliosis, and bonefracture with mod- 
M deformj Scoliosis can lead to emphysema and a shortened life-span due to resp.ratory insufficiency. Ol type 
ritcSalTeLdby norma, sderae, bonefracture wtthmildtomcderate deformity, toothdefects.arxfanatural^ 

20 that essentially is intermediate between Ol type II and Ol type I. e ... . r 1QP;) . Prock . 

r0174] More than 200 Ol mutations have been characterized since 1 989 (reviewed in Byers and Ste.ner, 1 992 P 'rock 
opltlo)Thevastmaior tt yoccurintheCOL1A1andCOL1A2genesoftype,col,agen^ 
to esult rom heterozygous mutations in the COL1 A1 gene that decrease collagen product on but do nrt ^al tor primary 
stmcture, /.a., heterozygous null mutations affecting COL1 A1 expression. Most cases of Ol types IHV result from 

25 heterozygous mutations in the COL1 A1 and COL1 A2 genes that alter the structure of collagen. 

To 7« A third important example is osteoporosis. The term "osteoporosis" refers to a heterogeneous group of d.s- 
charS Ted ^decreased bone mass and fractures. An estimated 20-25 million people are at mcreased risk 
SfSSJSS. d site-specific bone loss. Risk factors for osteoporosis include increasing age, gende. -Jna e 
tamta) Tow bone mass, early menopause, race (Caucasians), low calcium intake, reduced physical activity, genetic 

so \Zo rTer^ental factors (including cigarette smoking and abuse of alcoho, or caffeine), and deficiencies ,n neu- 
romuscular control that create a propensity to fall. 

[0176] More than a million fractures in the USA each year can be attributed to osteoporosis, and r ,1986 alone the 
reatment of osteoporosis cost an estimated 7-10 billion health care dollars. M^*"*"* (£. tj 9^ 
increasing age of the US population) suggest that these costs may increase 2-3 fold by the year 2020 ,f a safe and 
35 effective treatment is not found. Clearly, osteoporosis is a significant health care problem. 

SET SEE* osteoporosis is segregated into type I and type .I. Type I osteoporosis occurs predominan t in 
mS aged women and is associated with estrogen loss at the menopause, while ^ 
wtth advancing age. Much of the morbidity and mortality associated with osteoporosis results from immobilization of 

mDortan consideration because of the literature, which clearly states that significant morbidity and mortal ty are as- 
E^^mgad bed rest in the e.derly, parfcularty those who have suffered hip fractures. Complications of 
bSTst include blood clots and pneumonia. These complications are recognized and measures are usual* taken o 
avoid them but these measures hard* represent the best approach to therapy. Thus the osteoporotic patien ^popu- 
S would benefit from new therapies designed to strengthen bone and speed up the fracture repair process, thereby 
nottinn thp^p neoole on their feet before the complications arise. 

mm A fourth ex^pie is related to bone reconstruction and, specifically, the ability to reconstruct defects in bone 
issue tha" i from traumatic injury; cancer or cancer surgery; birth defect; a developmental ™ <*J^£ 
order- or aging There is a significant orthopaedic need for more stable total joint implants, and cranial and fac al bone 
a re oart cS targets for this type of reconstructive need. The availability of new implant materials, e.g., titanium, has 
ZE£X^««Z*& large defects. Trtanium implants provide excellent temporary stability across bony 
«£?£2 Experience has shown that a lack of viable bone bridging the defect can result in exposure of the 
aDDliance infection structural instability and, ultimately, failure to repair the defect. 
[0 P S aSous bone grafts are another possible reconstructive modality, but they have several 
dlsadvantaoes in that they must be harvested from a donor site such as iliac crest or rib, they usually provide insufficient 
SJSSS^H and the bone that does form is sometimes prone to infection and resorption^ Partially 

ourtfied xeZenTpreparations are not practical for clinical use because microgram quantities are purified from k.l- 
^JSSiTSdna large scale commerce, production both costly and impractical. Allografts and dem- 
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inpralized bone preparations are therefore often employed. Ha f^tc 
raie ^ Microsurgical transfers of free bone grafts with attached soft tissue and blood vessels can close bony defects 
LI In immedtate source of blood supply to the graft. However, these techniques are time consuming have been 
To^ o^rZaX deal 5 morbidity, and can only be used by specially trained individuals. Furthermore the 

Utity and is not readily contoured. In the mandible, for example, the maprdj r of 

M^£Z£^ in *e ability to masticate. Toriumi eta,., have written that, •reconstructs surgeon sho uU 
have at their dSosal a bone substrtute that would be reliable, biocompatible, easy to use, and long lasting and that 
would restore mandibular continuity with little associated morbidity." „„„^ moH with 

MM In connection with bone reconstruction, specific problem areas for improvement are <^^"*"* 
, I .IrnoHpfprts such as created bv trauma, birth defects, or particularly, following tumor resect.on. The success 
SoS^ joints could conce^ably be improved if the surface of the implant or 

"o an implant were to be coated with a bone stimulatory agent. The surface of implants could be 
"JZ S one olorra^opriate materials in order to promote a more effective interaction with the b,o.og,ca. srte 
surrounding the implant and, ideally, to promote tissue repair. 

2. Bone Repair 

roi 831 Bone tissue is known to have the capacrty for repair and regeneration and there is a certain understanding 
^SJSSS^SLb of these processes. The initiation of new bone formation involves the comm ment 
differentiation of progenitor cells. Once initiated, bone formation .s P^oted by ; . variety of 
SeptIS growth factors. Newty formed bone is then maintained by a series of local and systemic growth and differ- 

SST tS concept of specific bone growth-promoting agents is derived from the work of Huggins and ^Hutfr. 
st a7 1 936 demonstrated that autofogous transplantation of canine incisor tooth to skeletal muscle resulted .n local 
ntw^ 

induced bone formation (Urist, 1965; Urist et a/., 1983), a process that involved macrophage chemotaxis, the recrun 
memSoroQe n rcr he formation of granulation tissue, cartilage, and bone; bone remodeling; and marrow differ- 

has permitted the unequivocal identification of initiators of bone morphogenesis (Unst, 1965, Unstef a/., 1983, Sampath 
etal 1984- Wanq etal., 1990; Cunningham efaf., 1992). * 
SlM SignSt progress has now been made in characterizing the biological agents elaborated by actrve bone 
Sduri g g owth'and natural bone healing. Demineralized bone matrix is highly mso.uble; 
1 981 ) showed that only 3% of the proteins can be extracted using strong combinations of denaturants and detergents. 
t£, atec ^^owS that the unfractionated demineralized bone extract will inrtiate bone morphogenesis, a crrt^ob- 
t me purification of "osteoinductive" mo.ecules. Families of proteinaceous oste o-nductive facto s 
havfnowb en purged an'd characterized. They have been variouslyreferredtointheliteratureasbonemorphogenet^ 
of morphogenic proteins (BMPs), osteogenic bone inductrve proteins or osteogen* proteins (OPs). 

3. Bone Repair and Bone Morphogenetic Proteins (BMPs) 

[0186] Following their initial purification, several bone morphogenetic protein genes have now been clon« I using 
rnolel rtechniques (Wozney etal., 1988; Rosen etal., 1989; summarized in Alper, 1994). This work has established 
S^CC of the transforming growth factor-p (TGF-P) superfamily 

Other TGFmoleculeshave also been shown to participate in new ^^^'^l^^^^SS 
muttifunctional regulator of osteoblast function (Centrella era/., 1988; Carnngton etal.. 1988, Seitz etal, 1992). In*ed, 
Z ^transforming growth factors (TGF- P 1 . TGF- P 2, and TGF- P 3) has been proposed as potentially useful ,n 
the treatment of bone disease (U.S. Patent 5, 1 25,978, incorporated herein by reference). 

5l8^ Te cioning o, distinct BMP genes has led to the designation of indMdual BMP genes and pioteirw^»BMP- 
l thl ,nh rmp 8 BMPs 2-8 are Generally thought to be osteogenic (BMP-1 may be a more generalized morphogen, 
aS^^ ^X* (Luyten eta,., 1989) and BMP-7 is also ca„ed OP-1 (Ozkayna 
SSmSJ TGFs and BMPs each act on cells via complex, tissue-specific interactions with families of cell surface 

™ ceiis and po,ypep r have r 

Ep^ 
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and theiractivitiesare particularly described by Wozneyefa,.,(1988; ^^^^^^J^^ 
N the osteogenic proteins designated OP-1 , COP-5 and COP-7 are also disclosed in U.S. Patent 5 0 11 .691 . 

ShouB^BMP terminology is widefy used, it may prove to be the case that there .s an OP counterpart term for 
every individual BMP (Alper, 1994). 

5 

4. Bone Repair and Growth Factors and Cytokines 

roi891 Transforming growth factors (TGFs) have a central role in regulating tissue healing by affecting cell prolifer- 
Ltion \el "2^ -atrix protein synthesis (Roberts and Sporn, 1 989). While no. ^necessanly a direct effect, 
10 Binder and colleagues have provided evidence that TGF-p1 and TGF-p2 can inmate both chondroge nes.s an ios- 
genesis (Mce et al., 1990 Izumi et a/., 1992; Jingushi et al, 1992). In these studies new cart.lag .and I ta» 
Salon appeared to be dose dependent (/.*., dependent on the local growth factor concentration). ™^*atoo 
suggested 5StGF-B1 and TGF- P 2 stimulated cell dflerentiation by a similar mechanism, even though they drtfered 

in lerms of the ultimate amount of new cartilage and bone that was formed. 

is [01 90] Other growth factors/hormones besides TGF and BMP may influence new bone formation fo » 'racture. 
Slander and colleagues injected recombinant acidic fibroblast growth factor into a rat fracture site (Jingush el al 
^9 0 ) ? major effect o, multiple high doses (1 .0 mg/50 ml) was a significant increase '^SSZ^SZ 
gap while lower doses had no effect. These investigators also used the reverse transcriptase-poly ^rase cha^ re 
Son (PCR-) technique to demonstrate expression of estrogen receptor transcripts in callus tissue (Boden et al., 
20 1 9891 These results suggested a role for estrogen in normal fracture repair. „„u = „ a 
01911 taS and colleagues have shown that activated osteoblasts will synthesize * e ^ kine ' mac ^ 9 ; 
Sony stimutofing factor (Horowitz et a,.. 1 989). The osteotropic agents used in this study included > 
PTH V84 PTH1-34 vitamin D and all-trans retinoic acid. This observation has led to the suggestion that osteoblast 
action foZing fra^I may lead to the production of cytokines that regulate both hematopoies.s and new bone 
Sma ion Ss other proteins and polypeptides that have been found to be expressed at high levels ,n osteogenic 
cTs s u ch as" Z the p^peptide designated Vgr-1 (Lyons et a,., 1 989), also have potential for use ,n connection 
with the present invention. 

5. Bone Repair and Calcium Regulating Hormones 

T01921 Calcium requlatinq hormones such as parathyroid hormone (PTH) participate in new bone formation and bone 

specific cell surface receptor that belongs to the G protein-coupled receptor superfamily (Silve ef al., 1 982, Rizzoli et 

mi93] 83 STr^a 'approach, a human fu.l-length PTH gene construct has been introduced into cufturec I rat 
KbLsts o create recombinant PTH-secreting cells. These cells were then ^^J^^^l^ 
that were observed to develop hypercalcemia mediated by the increased serum concentrations of PTH (Wilson et al., 
1 9921 The object of these studies was to create an animal model of primary hyperparathyroidism. 
01941 PTH has a dual effect on new bone formation, a somewhat confusing aspect of hormone function desprte 
ntensive investigation. PTH has been shown to be a potent direct inhibrtor of type I collagen production by osteoblasts 
" l fl a/ Intact PTH was also shown to stimulate bone resorption in organ culture over 30 years ago and 
h^homle is known to ncrease the number and activity of osteoclasts. Recent studies by Gay and col ^ 
demon^Sed b^dinq of P2S|]PTH(1-84) to osteoclasts in tissue sections and that osteoclasts bind intact PTH in a 
maTe h fs oth sat able and time- and temperature dependent (Agarwala and Gay, 1 992). While these propels 
"nsSent w°th the presence of PTH/PTHrP receptors on the osteoclast cell surface, this hypothesis « still oa,- 
™**7^eL. A more accepted view, perhaps, is that osteoclast activation occurs via an osteoblast signaling 

50 roi95] ni On the other hand, osteosclerosis may occur in human patients with primary hyperparathyroidism (Seyle 
19321 ins we! known that individuals with hyperparathyroidism do not inexorably lose bone mass, but eventuaHy 
achieve a new bone remodeling steady state after an initial period of net bone loss. Chronic low dose admin-stration 
of ramino terminal fragment of PTH (aa 1 -34) also can induce new bone formation according to a time- and dose- 

ncuLe (van der Plas, 1985; Schluter era/., 1989; Somjen eta,., 1990); increase bone cell number v^o (MaHuche 
etaM986"enhan ce the/n 
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1983 ; Lewinson and Silbermann, 1986; Endo eta,., 1980; Klein-Nulend etal 1990); enhance "^oneta^ 
both cortical and trabecular bone) in normal and osteogenic animals and ,n humans w h osteoporos.s (Reeve et * 
976; Reeve etal., 1980; Tarn etal., 1982; Hefti etal., 1982; Podbesek eta,., 1983; Stevenson and Parsons, 983, 
Stoviket al 1986- Gunness-Hey and Hock, 1984; Tada etal., 1988; Spencer etal., 1989; Hock and Fonseca 1990, 
s Sd^ 

effects ot estrogen delation on bone mass (Hock et al., 1988; Hori et al., 1 988; Gunness-Hey and HocM98 L.u 
etal 1 991 ) Evidence of synergistic interactions between hPTH-1 -34 and other anabolic molecules has been present- 
ed tludng insulin-like gLh 9 factor, BMP-2, growth hormone, vitamin D, and TGF-p (Slovik : et al, 1986, Spencer 
»t*l 1 9B9 Mitlak et al 1 992' Canalis etal., 1 989; Linkhart and Mohan, 1 989; Seitz etal., 1 992; Vuk.cevic etal., 1 989). 

,o ^^SS^£^S£nm shown'that serum PTH leve.s may be e.evated folding bone fracture (Me ler et 
a, 1984; Johnston etal., 1985; Compston etal., 1989; Hardy et al., 1993), but the ^.f-cance of th« o 
no unde stood. There are apparently no reports in the Itterature concerning attempts to localize either PTH or the PTH/ 
PTHrP receptor in situ in human fracture sites or in experimental models. Furthermore, no attempt has been made to 
Lament bone repair by the exogenous addition of PTH peptides. Although hPTH1-34 ,s known o function as an 

is anabolic agent for bone prior toL present invention, much remained to be learned about the role (rf any) of PTH 
during bone regeneration and repair. 

6. Protein Administration and Bone Repair 

20 [0198] Several studies have been conducted in which preparations of protein growth factors, including BMPs . have 
been administered to animals in an effort to stimulate bone growth. The results of four such exemplary studies are 

foTgTToriu^' et al., studied the effect of recombinant BMP-2 on the repair of surgically created defects in the man- 
SblVof adult dogs (Toriumi et al. 1991). Twenty-she adult hounds were segregated into three .groups flowing the 
c eation of a 3 cm full thickness mandibular defect; 12 animals received test implants composed c inact^e dog bone 
mattix carrier and human BMP-2, 1 0 animals received control implants composed of carrier wrthout BMP-2, and 8MP- 
implant. The dogs were euthanized at 2.5-6 months, and the reconstructed segments were 
arSized by radiography, histology, histomorphometry, and biomechanical testing. Animals that received test implants 
^S^SSSis months' because of the presence of well mineralized bone bridging the defect The new bone 
T. owed these animals to chew a solid diet, and the average bending strength o. reconstructed mandibles was 27% o 
normal (-normal' in this case represents the unoperated, contralateral hem.mand.ble). In contrast, the implants in the 
other two groups were non-functional even after 6 months and showed minimal bone format.cn. 
Soo Yasko et al, published a related study in which the effect of BMP-2 on the repair of segmental de ects m the 
at femur was examined (Yasko et al, 1992). The study design included a group that receded a dose of 1^4 mg of 
BMP-2 another group that received 11 .0 mg of BMP-2, and a control group that received earner matrix atone. Endo- 
chondral! formal was observed in both groups of animals that received BMP-2. As demons r <^ * ' 
ohv histology and whole bone (torsion) tests of mechanical integrity, the larger dose resulted in functional repair of 
Sm defect beginning 4.5 weeks after surgery. The .ower dose resulted in radiographic and histological evidence 
of new bone formation, but functional union was not observed even after 9 weeks post surgery. There was also no 
40 evidence of bone formation in control animals at this time. „.—.„., .. , „ 0 r*iio„ a \ n 

[0201] Chen ef al, showed that a single application of 25-100 mg of recombinant . TGF ;P 1 adjacent £, ^rtitege .n- 
duced endochondral bone formation in the rabbrt ear full thickness skin wounds (Chen etal 199 J- B°£*™^ 
began 21 days following the creation of the wound and reached a peak at day 42, as demonstrated by morphological 
mpthods Active bone remodeling was observed beyond this point. 
45 S^T in a related study. Beck* al, demonstrated that a single application of TGF-01 in a 3% -ethylcellulose , ge 
Las able to repair surgically induced large skull defects that otherwise heal by fibrous connective ttssue and never 
form bone (Beck etal. 1991). Bony closure was achieved within 28 days of the application of 200 mg of TGF-p1 and 
the rate of healing was shown to be dose dependent. 

[0203] Studies such as those described above have thus established that exogenous growth factors can be used to 

so timulatenewboneformation^^ 

defects or inducing bone formation. For example, U.S. Patent 4,877,864 relates to the adm.nistrat.on of a therapeutic 
*^2e inducts protein to treat cartilage and/or bone defects; U.S. Patent 5,108,753 concerns the .use 
of a device containing a pure osteogenic protein to induce endochondral bone format.on and for use .n periodontal, 
dental or craniofacial reconstructive procedures. . 

ss [0204 However, nowhere in this extensive literature does there appear to be any suggestion that osteogenic genes 
hemselves may be applied to an animal in order to promote bone repair or regeneration. Indeed, even throughout the 
par»terature y that concerns genes encoding various bone stimulatory factors and their ,n wfro expression . hotf 
cells to produce recombinant proteins, there seems to be no mention of the possibilrty of using nucleic acd transfer ,n 
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an effort to express an osteogenic gene in bone progenftor cells in vivo or to promote new bone formation in an animal 
or human subject. 

7. Biocompatible Matrices for use In Bone Repair 

5 r02051 There is a considerable amount ol work that has been directed to the development of biocompatible matrices 
of uS in medtcaUmTnts including those specifically for bone implantation work. In context of the present invents, 
mat i ^35 in assertion with' the gene or DNA coding region encoding the osteotropic po^e in 
order to eaSly deliver the gene to the site of bone damage. Such matrices may be formed from a vanety of matenals 

10 KT.n SffjSST- a Wilier- to provide a structure for the developing bone and 

art lage Howe r, K fo'ltion of such'a scaffolding structure is not a primary requirement, rather t e mjr .require- 
ments of the matrix are to be biocompatible and to be capable of delivering a nucleic add segment to a bone cell or 

15 ^'Matrices that may be used in certain embodiments include non-biodegradable and chemically defined matri- 
Es sue sirterS hydroxyapatite, bioglass, aluminates, and other ceramic* The bioceramics may be altered in 
composition s ch a in calciu J ^iuminate-phosphate; and they may be processed to modrty particular physical and 
cZ?a Iracterltics, such as pore size, particle size, particle shape, and biodegradabihty. Certain po^menc ^ 
Ss may also be emptoyed if desired, these include acrylic ester polymers and lactic acid polymers as disclosed „ 
U S PafenS 4 526 909 and 4,563,489, respectfcely, each incorporated herein by reference. Part.cular examples of 
useful Xers arelse of orthoesters, annydrides, propylene-cof umarates, or a polymer of one o, we « -hydroxy 
carboSc add monomers, e.g., a-hydroxy acetic acid (glycolic acid) and/or a-hydroxy propionic acid (lactic acid) 
0208^ Some of the preferred matrices for use in present purposes are those that are capabk* of being resorbed into 
he body Potential biodegradable matrices for use in bone gene transfer include, for example, PLGA block copoVme rs 
2d* and ch JU defined calcium sulfate, tricalciumphosphate, hydroxyapatfte 
thermore biomatrices comprised of pure proteins and/or extracellular matnx components may be employed. 
Sr The^ventors have shown the use of bone or dermal collagenous materials as matrices, as may be prepared 
!rom various commercial.y-avai.able lyophilized collagen preparations such as ^^^J^g 
as PLGA block copolymers. Collagen matrices may also be formulated as desenbed in U.S. Patent 4,394,370, incor 
ported here* Reference, whicS concerns the use of collagenous matrices as delivery vehicles for oMjnc^ 
KraZ™ as may be obtained from Norian Corp. (Mountain V.ew, CA), is a preferred matn* Preferred matnee 
2iZ foliated wJh type II collagen, and most preferably, recombinant type II collagen and mineralized type II 

EaioT Further suitable matrices may also be prepared from combinations of materials, such as PLGA block copol- 
S JSSZ^JSL* release; hydroxyapatite; or collagen and tricalciumphosphate. Although sufficient 
sequ st7a ion and subsequent denary of an osteotropic gene is in no way a limitation of the present invention should 
rbe desked a porous matrix and gene combination may also be administered to the bone tissue site in combination 
lm Z£££X£ clot. The Lis for this is that blood clots have previously been employed to 
Son of osteogenic proteins for use in bone treatment (U.S. Patent 5,171 ,579, incorporated herein by reference) and 
tSse in connection with the present invention is by no means excluded (they may even attract growth factors or 
cytokines). 
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45 [0211] Althoughnotpreviouslyproposedforusewrthan 

delivery vehicle has been described. The biocompatible of collagen matnees is well known «n the arUJ J Patents 
5 206 028 5 128 136, 5,081 ,106, 4,585,797. 4,390,519, and 5,197,977 (all incorporated herein by reference) describe 
the blocompSity o collagen-containing matrices in the treatment of skin lesions, use as a wound dressing, and as 
a me^s of controlng bleeding. In light of these documents, therefore, there is no quest™ concernmg the suitability 

erials complexed with the collagen to be released slowly from the graft following implant. U.S. Patent 4,538,603 s 
SSiSSSL. dressing useful for treating skin lesions and a granular materia, ^ 
wound exudate U S. Patent 5,1 62,430 describes a pharmaceutical^ acceptable, non-.mmunogen,c composite com- 
55 prising a telopeplide collagen chemically conjugated to a synthetic hydroph.Hc P^mer 

[0213] Further documents that one of skill in the art may find useful include U. uISc 

4,409 332, and 4,347,234. each incorporated herein by reference. These references describe the uses of collagen as 

a non-immunogenic, biodegradable, and bioresorbable binding agent. 
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ro214] Theinventorscontemplatethatcollagenlrommanysourceswillbeuselulinthe 

hVrein surprisingly shown to possess this property, which thus grves rise to new possib.lties for chn.cal uses. 
9. Nucleic Acid Delivery 

F02161 The transfer of nucleic acids to mammalian cells has been proposed a method for treating certain diseases 
or disordl s ZeZ acid transfer or de.rvery is often referred to as "gene therapy" Initial efforts 
LmS S qene therapy relied on indirect means of introducing genes into tissues, e.g., target cells were removed from 
he Sv ESh vectors carrying recombinant genes, and implanted into the body. These type of techniques 
are qSra JS2 Tas tx vivo treatment protocois. Direct in vivo gene transfer has recently been achieved w th 
IE s DNA trapped in liposomes (Ledley et a,., 1987); or in proteoliposomes that contain wal envelope re- 
ceoC o ein (Nico.au et al., 1 983); calcium phosphate-coprecipitated DNA (Benven.sty and Reshef 986) and DNA 
Sled to a po!y,ysine-glycoprotein carrier complex (Wu and wb.igM^u^d^^r^lcal^^ 
viral vectors to infect target cells in v/Vohas also been described (e.g., Seeger et al., 1984 . 

in recem^ears Wolff ef a/., demonstrated that direct injection of purified preparations of DNA and RNA into 

the direct injection method can be successfully applied to the problem of influenza vacc.ne development (Ulmer et al., 

S The use of gene transfer to synoviocytes as a means of treating arthritis has also been discussed (Bandara 
If J/ 1992 Roess er et al 1993). The protocols considered have included both the ex wvo treatment of sola ted 
Jntioc^ 

fntome joint. The transfer of marker genes into synoviocytes has already been demonstrated using both retrov.ral and 

35 SS^^-*- - - -Id of new bone grow, the 

Ert invents saw that there was great potential for using nucleic acids themselves to promote bone regeneratiorV 
ttXZXfiZ»£ for a more sophisticated type of pharmaceutical delivery. In addition to the .ease and cos 
of orepaZ DNA I was also reasoned that using DNAtransfer ratherthan peptide transfer would provide many further 

Se co mpoSons that exhibit reversible thermal gelation, and the opportunity to combine «^ 
aZ Sotogy during delivery. 'Sustained release" is also an important advantage of using DNA in that he exog- 
S add d DNA continues* direct the production of a protein product following incorporation in to a ceiLThe use 
rerteinmatrix-DNAcompositions 
so rpipase of DNA from the matrix admixture can also be manipulated. 

Si The invent s contemplated that both naked DNA and viral-mediate DNA could be employed ,n a n eff ort to 
ransfer genes to bone progenitor cells. In beginning to study this, the most appropriate animal model had to , be em- 
ployed that S one in which the possibilities of using nucleic acids to promote bone repair could be adequately tested 
in controlled studies. 

55 

10. Osteotomy Model 

[0223] Prior to the present invention, three model systems were available for study in this area, including Mov13 



40 



45 



22 



EP 0 741 785 B1 



10 



■ i ™hoi of ni Unfortunately each of the models suffers from significant drawbacks. With the Mov13 

^ilZterS in M0V13 mfee conducted between postnatal weeks 8-16 (la. prior to the development 
SS B JSS ^cS^ed bTa natural adaptation in which a significant amount of new bone is deposited on 
the ^SZZ ^(B<?nadio eta/., 1993); and third, an osteotropic gene transferred ,n«o an osteotomy s,te may 
wneraize with the active retrovirus and make it even more virulent. C i„^r„ 

However this mode is a closed system that would not easily permit initial studies of gene transfer in wvo. The 
« cunTniS deveto ed by Bolander and colleagues (Joyce « a/., 1990) was also available but agam, this 
S. ■ n^sSe for studying gene transfer to Wvo. Due to the unsuitably of the above models for s tody n , the 
Tc of gtne transfer on bone repair and regeneration, the inventors employed a rat osteotomy system, as described 



The important features of the rat osteotomy model are as follows: under general anesthesia, ^ 
^LZa?eCewedintothefemorald«physisof normal adult Spr^avA^^s.A^X^aXeB^ 
is SKemen of the pins. An external fixator is then secured on the pins, and a 2 mm or 5 mm, segmental defect 
paralle piacemem o M osci || ating saw . A biodegradable implant matenal, soaked in 

oaraDhv which is performed weekly from the time of surgery to sacrifice. 

25 2Sl devious studies in Sprague-Dawley rats have shown that the 5 mm osteotomy gap will heal . as a fibrous non- 
55? whereas a gap of less than 3 mm, (such as the 2 mm gap routinely employed in the studies descnbec herein) 
w I heaTby pla* bone formation. Studies using the 5 mm gap thus allow a determination of whethe ^nsgene 
ZxZStocm stimulate new bone formation when fibrous tissue healing normally is expected. On the other hand 
:tuTes~e 2 1 gap a.iow a determination of whether ^TV^JZSS^ 9B) ? 
healing. Controls were also performed in which animals receded no DNA (FIG. 9A and FIG. 9B). 

11. Gene Transfer Promotes Bone Repair In Vivo 

ro2281 The present inventors surprisingly found that gene transfer into bone progenitor cells in vivoQ.e cells in the 
g iraS Suet the osteotomy gapfcou.d be readify achieved. Current* the P^^££K 
oene transfer qenerally involve using a fibrous collagen implant matenal soaked in a solut.on of DNA shortly before 
beina dS ^the^e in which one desires to promote bone growth. As the studies presented herein show, the implant 
^SS^S*** oogenous p.asmid constructs by cells (in the osteotomy gap) which clearly palpate 
Tbone regenTation/repair. The transgenes, following cellular uptake, direct the expression of recombinant polypep- 
tides as evidenced by the in vivo expression of functional marker gene products. ,„^„, ltar 
02291 Further studies are presented herein demonstrating that the transfer of an osteotrop.c gene results in ceHular 
^SSS osteotropic molecule, which expression is directly associated with stimulation of new bone 
toZ^meconsrtetm a relatively large number of candidate genes, a gene transfer vector coding for a fragment 
SSSd hormone (hPTHI -34) was chosen for the inventors" initial studies. Several factors were consrt- 
tS^lSSS^ (a), ecombinant hPTH1-34 peptides can be discriminated from any ^endogenous rat hor- 
™,1 ILv tissues- (b) hPTHI -34 peptides will stimulate new bone formation in Sprague-Dawley rats, 
SK Hu^P^cS^S^ bind the PTH/PTHrP receptor on the rat osteoblast cell surface; and 
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so [^Tt^ 

nventors reasoned it most straightforward to correlate the expression of recombinant hPTH1-34 peptide and its re 

in the rat osteotomy model. Of course, following these initial studies, ,t is MjMM 
SS any one of a wide variety o, genes may be empioyed in connection with the bone gene transfer embodiments of 

55 lokTSI-S , ^ have indicated that hPTH1-34 is a more powerful anabolic agent when given intermittently 

Despite the fact that an anabolic effect would stil. be expected I £ h<^«^ 
documented by the studies of Parsons and co-workers (Tarn et al, 1 982; Spencer at ai, 1 989), there was a concern 
SStHI -34 transgene may not function very effectively as transfected cells would be expected to express 
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In all such embodiments, DNA is being used as a direct pharmaceutical agent. 
12. Biological Functional Equivalents 

F02351 As mentioned above, modification and changes may be made in the structure of an osteotropic gene and still 
cording to the following codon table: 



Table 1 



Amino Acids 


Codons 








Alanine 


Ala 


A 


GCA 


GCC 


GCG 


GCU 






Cysteine 


Cys 


C 


UGC 


UGU 










Aspartic acid 


Asp 


D 


GAC 


GAU 










Glutamic acid 


Glu 


E 


GAA 


GAG 










Phenylalanine 


Phe 


F 


UUC 


UUU 


GGG 


GGU 






Glycine 


Gly 


G 


GGA 


GGC 






Histidine 


His 


H 


CAC 


CAU 










Isoleucine 


lie 


I 


AUA 


AUC 


AUU 








Lysine 
Leucine 


Lys 
Leu 


K 
L 


AAA 
UUA 


AAG 
UUG 


CUA 


cue 


CUG 


CUU 


Methionine 


Met 


M 


AUG 












Asparagine 


Asn 


N 


AAC 


AAU 


CCG 


ecu 






Proline 


Pro 


P 


CCA 


CCC 






Glutamine 


Gin 


Q 


CAA 


CAG 






CGG 
UCG 


CGU 
UCU 


Arginine 
Serine 


Arg 
Ser 


R 

S 


AGA 
AGC 


AGG 
AGU 


CGA 
UCA 


CGC 
UCC 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 






Valine 


Val 


V 


GUA 


GUC 


GUG 


GUU 






Tryptophan 


Trp 


W 


UGG 












Tyrosine 


Tyr 


Y 


UAC 


UAU 









r023Gl For example certain amino acids may be substituted for other amino acids in a protein structure without 
ZLZS^SiSSl binding capacity with structures such as, for example, antigen-binding regions of ant. 
Sta?5SariT!n^^ molecules Since it is the interactive capacity and nature of a protein that defines 
SSJSSS^Tu^-^ certain amino acid sequence substitutions can be made in . . i prote, , se- 
tnat protein s ™°"B . DNA dj sequ ence, and nevertheless obtain a protein with like properties 



24 



EP 0 741 785 B1 



w 



15 



without appreciable loss of their biological utility or activity. Im „ nrta nr« of the 

0237] in making such changes, the hydropathic index of amino acds may be .««^^2S^£^ 
hydropathic amino acid index in conferring interactive biologic function on a protein is generally understood I n the art 
Cand DooTittle, 1982, incorporate herein by reference). It is accepted thatthe relative hydropathic character o ft. 
amino acid contributes to the secondary structure of the resultant protein, which ,n turn defines the interact on of the 
To etiwhX molecules, for example, enzymes, substrates, receptors, DNA, ^^f^^ rQe 
El Each amino acid has been assigned a hydropathic index on the basis of their hydrophobic^ and charge . 
haracterl tos (Kyle and Doolittle, 1982) these are: Iso.eucine (+4.5); va.ine (+ 4.2); leucine (.3.8); pheny« 
^2 sTcysSneStine ( + 2.5); methionine ( + 1.9); alanine ( + 1.8); glycine H>.4); threonine ^.7); serine (^p- 
iophan (-0 9); tyrosine (-1 .3); proline (-1 .6); histidine (-3.2); glutamate (-3.5); glutamme (-3.5); aspartate (-3.5), aspar- 

ShicndexrscoreandstillresuU 

Sn Sl in making such changes, the substtution of amino acids whose hydropathic indices are wrthin ±2 
FtZSiS* which are within ±1 are particular* preferred, and those wfthin ±0.5 are even more part.cu.arly 

KSMt is also understood in the art that the substitution of like amino acids can be made effectively on the basis 

ofhydroph It U.S. Patent 4,554.101, incorporated herein by reference, states that the greatest 

IphilicSy of a protein, as governed by the hydrophilicity of its adjacent amino acds, correlates with a biological 

20 AsTetailedin U.S. Patent 4,554,101, the following hydrophilicity values have been assigned to amino acid 

Sues- arginine ( + 3.0) ; lysine ( + 3.0); aspartate ( + 3.0 ± 1); glutamate ( + 3.0 ± 1); serine (+0 3); asparag ne (+ 02), 
X amine (X)- glycine (0); threonine (-0.4); proline (-0.5 ± 1); alanine (-0.5); histidine *-05) ; cysteine (-10), me- 
SSS7-1 at vaK (-1.5); eucine (-1.8); isoleucine (-1.8); tyrosine (-2.3); phenylalan.ne (-2.5), tryptophan (-3.4). 
S t is understood t at an amino acid can be substituted for another having a similar hydrophihcrty ^value and 

S Stain a biologically equivalent, and in particular, an ^TZl'Tu are^hin + 1 a e par 

substitution of amino acids whose hydrophilicity values are within ±2 is preferred, those which are with.n ±1 are par 
ticularlv Deferred, and those within ±0.5 are even more particularly preferred. 

mm As ouMined above, amino acid substrtutions are generally therefore based on the rt^™^** 6 
SacW sSe-chain substituents, for example, their hydrophobic^, hydrophilicity charge, size and the ^Exem- 
pZ substitutions which take various of the foregoing characteristics into consideration are well known toltaKM 
in the art and include: arginine and lysine; glutamate and aspartate; serine and threonine; glutamme and asparag.ne, 
and valine, leucine and isoleucine. 

35 13. Site-Specific Mutagenesis 

T02441 Site-specific mutagenesis is a technique useful in the preparation of individual peptides or biologically func- 
M eqSSlSjSelnB or peptides, through specffic mutagenesis of the underlying DNA. The technique further 

40 9 ZZ:^^c*9 one or more nucleotide sequence changes into the ^f^^^SSZ 
allows the production of mutants through the use of specific oligonucleotide sequences which encode the DNA se 
quence of the desired mutation, as well as a sufficient number of adjacent nucleotides, to provide a pnmer sequence 
ofsufficientsizeandsequence complexity toformastable *P"««^^ rf * 8 «^'^ h ^^jS 
TypSy a primer of about 1 7 to 25 nucleotides in length is preferred, with about 5 to 1 0 residues on both sides of the 

" K" Tn^STlS^*.^* agenesis * "* ^ in ^ * ""^ ? 

ScLtions ^rSff be appreciated, the technique typically employs a phage vector which exists ,n both a single 
tra demand double stranded form. Typical vectors useful in srte-directed mutagenesis 

M13 ohaae These phage are readily commercially available and their use is generally well known to those skilled in 
^J^SlS^JSi^ are also routinely employed in site directed mutagenesis which eliminates the step 
of transferrinq the qene of interest from a plasmid to a phage. ^,^«h 
[S in genera? site-directed mutagenesis in accordance herewith is performed by first obtaining a ^9^anded 
vecto or melting apart of two strands of a double stranded vector which includes within its sequence a DNA sequence 
S coS red osteotropic protein. An o.igonucleotide primer bearing the desired mutated sequence ns 
prepare! generally synthetically. This primer is then annealed with the single-stranded vector, and subjected to DNA 
pdyme^ 

SS I a heteroduplex 'is termed wherein one strand encodes the original non-mutated sequence and 
fh Znd sTrand bears the desired mutation. This heteroduplex vector is then used to transform appropriate cells, 
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such as £ coli colls, and clones are selected which include recombinant vectors bearing the mutated sequence ar- 

XT^e preparation of sequence variants of the selected osteotropic gene using site<Jirected mutagenesis is 
Eedls a meanJof producing potential* useful species and is not meant to be limtting as there are other ways in 
Zh sequence variants of osteotropic genes may be obtained. For example, recombinant vectors encoding the de- 
S ^osteotropic gene may be treated with mutagenic agents, such as hydroxyzine, to obtain sequence vanants. 

14. Monoclonal Antibody Generation 

r02481 Means for preparing and characterizing antibodies are well known in the art (See, e.g., Antibodies: A Labo- 
ratory Manual Cold Spring Harbor Laboratory, 1 988; incorporated herein by reference). 

0249] Th method for generating monoclonal antibodies (MAbs) generally begin along the same lines as those for 
preS! rinc , polyctonal antibodies. Briefly, a polyclonal antibody is prepared by immunizing an animal with an ,mmuno- 
SS{£ m accordance with the present invention and collecting antiserafromthatimmun.zedanin^l. Awrie 
range of animal species can be used for the production of antisera. Typically the animal used or production of anti- 
Lntisera is aTabbrt a mouse, a rat, a hamster, a guinea pig or a goat. Because of the relatively large blood volume of 
rabbits a rabbit is a preferred choice for production of polyclonal antibodies. lhamfnTa 
MM As is well known in the art, a given composrtion may vary in its immunogenic^. It is often necessary therefore 
oToos, the host immune system, as may be achieved by coupling a peptide or potypepfde JJJJ 
Exemplary and preferred carriers are keyhole limpet hemocyanin (KLH) and bov.ne serum albumin (BSA). CDther al 
bS such as ovalbumin, mouse serum albumin or rabbit serum albumin can also be used as carriers. Means for 

N-hydroxysuccinimide ester, carbodiimide and bis-biazotized benzidine. QnhanrP H 
[02511 As is also well known in the art, the immunogenic^ of a particular immunogen composite can be enhanced 
bytheuseof non-specific stimulators of the immune response, known as adjuvants. Exemplary and preferred 
SudecompleteFreund'sadjuvanttanon-specirK: stimulator of the immune response contammg killed MKCotecfenum 
tuherrulosis) incomplete Freund's adjuvants and aluminum hydroxide adjuvant. 

^^SJLunog* composition used in the production of po.yc.ona. antibodies varies >£n££™ 
of the immunogen as well as the animal used for immunization. A variety of routes can be used to adm-mste the 
!Ti (subcutaneous, intramuscular, intradermal, intravenous and intraperitoneal). The production , o potydonal 
^bodies may be monitored by sampling blood of the immunized animal at various points following A 
s ond, booster injection, may also be given. The process of boosting and ^^^^^ * * 
achieved. When a desired level of immunogenic^ is obtained, the immunized animal can be bled and the serum 
isolated and stored, and/or the animal can be used to generate MAbs. avomn ii fiorl in u s 

r02531 MAbs may be readily prepared through use of well-known techniques, such as those exempl fied in U.S. 
S 4 SoTncorporatedherein by reference. Typically, this technique involves immunizing a suitab e > animal 
S a selected immunogen compostton, e.g., a purified or partia.ly purified 

The immunizing composition is administered in a manner effects to stimulate antibody producing cells^Rodents such 
as m"rats are preferred animals, however, the use of rabbit, sheep frog cells is also poss.ble. The use of rats 
ma" rovioe certatn advantages (Goding, 1 986, pp. 60-61 ), but mice are preferred, with the BALB/c mouse be.ng most 
nrpferred as this is most routinely used and generally gives a higher percentage of stable fusions. 
£ Sng rmunization" somatic cells with the potentia. for producing antibodies, specifically B lymphcxytes 

B ce s) are selected for use in the MAb generating protocol. These cells may be obtained from biopsied spleens 
tonsN or fymph nodes, or from a peripheral blood sample. Spleen cells and peripheral blood cells are preferred he 
former because they a e a rich source of antibody-producing cells that are in the d,v.d,ng plasmablas. stage and the 

atter becaTse peripheral blood is easily accessible. Often, a panel of animals will have been immunized and the spleen 

CSS! antibody titer w, be removed and the spleen 
spleen with a syringe. Typically, a spleen from an immunized mouse contains approximately 5 X 10? to 2 X 10 *m 

fo h 25S| eS The antibody-producing B lymphocytes from the immunized animal are then fused with cells of an immortal 
mveloma cell Hne generally one of the same species as the animal that was immunized. Myeloma cell hnes suited for 

enzyme deficiencies that render then incapable of growing in certain selective med.a which support the growth of only 

^S^T^SS^m oe»s may be used, as are known to those of ski,, in the art (Goding, £ 
65 66 1986 Campbell pp 75-83, 1984). For example, where the immunized animal is a mouse, one may use 

P3X6^^^^ 

Bui; for rats, one may use R210.RCY3, Y3-Ag 1.2.3, IR983F and 4B210; and U-266, GM1500-GRG2, LICR LON 
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anri UC729-6 are all useful in connection with human cell fusions. 
mm oi Tpfeferred mur ne myeloma cell is the NS-1 myeloma cell line (also termed P3-NS-1-Ag4-1). which is 
faS ava^rom thTN.GMS y Human Genetic Mutant Cell Reposttory by requesting cell line reposrtor^ -number 
eSrZther mouse myeloma cell line that may be used is the 8-azaguanine-res,stant mouse mur.ne myeloma 

S^eCsTgli 

~ 1 mixlna som atic cells with myeloma cells in a 2:1 proportion, though the proportion may vary from about 20 
to a£u 1 TsSetS The Presence of an agent or agents (chemical or electrical) that promote the fusion of 
eJmem ra e 6 F S methods using Sendai virus have been described by Koh.er and Milstein (1975; 76) and 
SU, polyethylene glycol (PEG), such as 37% (v/v) PEG, by Getter el al. (1 977). The use of eiectncal.y induced 
fusion methods is also appropriate (Goding, pp. 71 -74, 1 986). However 
102591 Fusion procedures usually produce viable hybrids at low frequences, about 1 x 10^ to 1 1 x 10 «. However 
hsdoesnop^sLprob.em,asthe^ 

he unfused myeloma cells that would normally continue to divide indefinitely) by cultunng in a selective medwm. The 
se'ecXe medium is generalty one that contains an agent that blocks the da novo synthesis of "f!^^T e 
culture media Exemplary and preferred agenls are aminopterin, methotrexate, and azasenne. Ammoptenn and mettv 
Se block de Zo synthesis of both purines and pyridines, whereas azaserine blocks only purine synthesis. 
WhTe am fnoptenn or methotrexate is useo, the media is supplemented w«h hypoxanthine and thymidine as a source 
of nucleotides (HAT medium). Where azaserine is used, the media is supplemented with hypoxanthine. 
» S^CSSmd selection medium is HAT. Only cells capable of operating nucleotide salvage pathways are ^ 
oTurvive in HAT medium. The myeloma cells are defective in key enzymes of the salvage pathway, e.g hypoxanthine 
phosZrio^syl transferase (HPRT), and they cannot survive. The B cells can operate this pathway, but they have a 
MM I Efe ^span in culture and generally die within about two weeks. Therefore, the only cells that can surv-ve ,n the 
selective media are those hybrids formed from myeloma and B cells. Tunirallv 
25 102611 This culturing provides a populate of hybrkJomas from which specif.c hybridomas are selected. Typical^, 
EionThS£3S performed by cubing the ce.ls by singled di.ution in microliter plates, followed by 
eShe ndSual clonal supernatants (after about two to three weeks) for the desired reality. The assay shou d 
be sensrtive, simple and rapid such as radioimmunoassays, enzyme immunoassays, cytotox.crty assays, plaque as- 

• a*rS2S5K25 £ - seria,.y diluted and cloned into individua, - 
ines which clones can then be propagated indefinitely to provide MAbs. The cell lines may be exploited or M Ab 
TlcZ in two basic ways. A sample of the hybridoma can be injected (often into the peroneal cav,ty into a his- 
S^mpat ble animal of the'type that was used to provide the somatic and myeloma cells for the o = fusion. The 
niected animal develops tumors secreting the specific monoclonal antibody produced by the fused cell hybrd. The 

ss StSou'eanZ, such as serum or ascites fluid, can then be tapped to provide MAbs in high >°™«m 
The'ndK/idual cell lines could also be cu.tured in vitro, where the MAbs are naturally secreted mto the cutture med urn 
from which they can be readily obtained in high concentrations. MAbs produced by either means may be 1f™£** 
using filtration, conjugation and various chromatographic methods such as HPLC or affmity chromatog- 

raphy. 
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15. LTBP-3 



r02631 Other aspects of the present invention concern isolated DNA segments and recombinant vectors encoding 
a° d e c eation and L of recombinant host cells through the application of DNA techno.ogy^at express 
45 LTBP-3 gene products. As such, the invention concerns DNA segment compnsing an isolated gene that encodes a 
pToteir or peptide that includes an amino acid sequence essentially as set forth by a contiguous sequence from SEQ 
ID NO 3 These DNA segments are represented by those that include a nucleic acid sequence essentially as set forth 
by Contiguous sequence from SEQ ID NO:2 (FIQ* 25). Compositions that include a purified protein that has an amino 
Sd sequence essentially as set forth by the amino acid sequence of SEQ ID NO:3 (FIG. 26) are also encompassed 

growth and differentiation (Roberts and Sporn, 1990). Initially synthesized as a precursor cons.st,ng of an amino- 
Enal propeptide followed by mature TGF-ft two chains of nascent pro-TGF-p associate ,n most t.ssues to form a 
Mr -1 06 000 inactive disulfide-bonded dimer. Homodimers are most common, but heterod.mers have also been de- 
55 scribed Cheifetz et a,., 1987; Ogawa at a,., 1992). During biosynthesis the mature TG ^^^ ^t 
propeptide dimer. TGF-0 latency results in part from the non-covalent associate of prapep.de and mature ^TGF p 
dimersfPircheref al 1984, 1986; Wakefield etal., 1987; Millan eta/., 1992; Miyazonoand Heldm, 1989). Consequently 
tZw^*™< * often referred to as the latency associated protein (LAP), and LAP plus the disulfde-bonded 
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TGF-B dimer are also known as the small latent complex. In the extracellular space small latent complexes must be 
Ssociated to activate mature TGF-B. The mechanism of activation of the latent complex ■ thought to be one of the 
mosSortant steps governing TGF-p effects (Lyons eta,., 1988; Antonelli-Orlidge eta,., 1989; Twardz,k eta,., 1990, 

In certain lines of cuttured cells small latent growth factor complexes may contain additional high molecular 
S proteins The best characterized of these high mo.ecu.ar weight proteins is h j latent TGF-P b,r ,d,n 9 , prote.n, or 
LTBP (Miyazono etal., 1988; Kanzaki etal., 1990; Tsuji etal., 1990; Olofsson etal., 1992; Taketazu etal., 1994)^ LTBP 
S Cerent cell types is heterogeneous in size, perhaps because of alternative sp cng or because of 1 ssue 
so7ci"proteolytic processing (Miyazono etal., 1988; Wakefield etal., 1988; Kanzaki etal., 1990; Tsu,. e tal 1990). 
£ TKSxee that contain LTBP are known as large latent complexes. LTBP has no known covalent ferriage 
to mature TGF-B, but rather it is linked by a disulfide bond to LAP. : ertlQto H 
mm Regarding the novel protein LTBP-3, the present invention concerns DNA segments, that can be isolated 
from virtually any mammalian source, that are free from total genomic DNA and that encode proteins ha v,ng I JBP- 
SeTcLty. DNA segments encoding LTBP-3-like species may prove to encode proteins, polypeptides, subunrts, 

DNAofaparticular species. Therefore, a DNA segment encoding LTBP-3 refers to a DNA segment that contains LTBP- 
3 cod^g s'equencesyet is isolated away from, or purified free from, total genomfc DNA of the 
DNA segment is obtained. Included within the term "DNA segment", are DNA segments and smaller fragments of such 
segmeXand also recombinant vectors, including, for example, plasmids, cosmids, phagemids, phage, viruses, and 

[See] 8 ' Similarly, a DNA segment comprising an isolated or purified LTBP-3 gene refers to a DNA *^*»** 
LTBP% coding sequences and, in certain aspects, regulatory sequences, isolated substantially away from other nat- 
ural^ occurring genes or protein encoding sequences. In this respect, the term "gene" ,s used for simp hcrty c ^refer to 
a functional protein polypeptide or peptide encoding unit. As will be understood by those .n the art, th,s functional term 
iSSSXS^ sequences, cDNA sequences and smaller engineered gene segments that express, or may be 

ST »JSE25E: "g sequence, means that the gene o, interest, ^Is -s^ a 
gene encoding LTBP-3, forms ft. significant part of the coding region of the DNA segment, and tha the DNA segmen 
does not contain large portions of natural fy-occurring coding DNA, such as large chromosomal fragments ^or othe 
Junctional genes or cDN A coding regions. Of course, this refers to the DNA segment as ong.nally isolated, and does 
not exclude genes or coding regions later added to the segment by the hand of man. 

?0270] in particular embodiments, the invention concerns isolated DNA segments and recombinant vector fo- 
aling DNA sequences that encode an LTBP-3 species that includes within its amino acd sequence an amino acid 
sequence essentially as set forth in SEQ ID NO:3. In other particular embodiments, the invention concerns isolated 
DNA segments and Recombinant vectors incorporating DNA sequences that include within their sequence a nuc.eot.de 
sequence essentially as set forth in SEQ ID NO:2. „ llh »t«™ti a iki «« 

[02711 The term "a sequence essentially as set forth in SEQ ID NO:3» means that the sequence substantially co - 
esponds to a portion of SEQ ID NO:3 and has relatively few amino acids that are not identical to, or a biology 
Zonal equivalent of, the amino acids of SEQ ID NO:3. The term "biologically functional equiva.en £ " w£un*r- 
s ood in the art and is further defined in detail herein (for example, see sect™ 7 P' eferred ° m f fl ^ 
sequences that have between about 70% and about 80%; or more preferably, between about 81 % and about 90 /», o 
even more relrably, between about 91% and about 99%; of amino acids that are identicaL or functionally equivalent 
to the amino acids of SEQ ID NO:3 will be sequences that are "essentially as set forth in SEQ ID NO.3 
M721 In certain other embodiments, the invention concerns isolated DNA segments and recombinant vectors that 
Se wiZS sequence a nucleic acid sequence essentially as set forth in SEQ ID NO:2. The term "essentially 
Z SoT in SEQ ID NO:2" is used in the same sense as described above and means that the nucleic acd sequence 
subtfa^ 

equwalent, to the codons of SEQ ID NO:2. Again, DNA segments that encode proteins exhibiting LTBP-3-l.ke activity 

50 m alsob'e understood that amino acid and nucleic acid sequences may include additional residues, such 

as additional N- or C-terminal amino acids or 5' or 3' sequences, and yet still be essentially as se forth '" one of the 
Sequences disclosed herein, so long as the sequence meets the criteria set forth above, including the ma ntenance o, 
Sogicalprotein activity whereprotein expression is concerned. The addition of terminal sequences part.cu arty ap^ 

55 to nucleic acid sequences that may, for example, include various non-coding sequences flanking erthe of the 5 or 3 
portions of the coding region or may include various internal sequences, i.e., introns, which are known to occur wrth.n 

[o274] Naturally, the present invention also encompasses DNA segments that are complementary, or essentially 
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Tdeic acid seqment of SEQ ID NO:2, under relatively stringent conditions such as those described here,n. 

Si T?e nudeic acid segments of the present invention, regardless of the length of the cod,ng sequence rtsetf, 

seamen so" about 3,000 being preferred in certain cases. DNA segments with total lengths of about 1 ,00a abort 500 
S So about 100 and about 50 base pairs in .ength (including all intermediate lengths) are a.so contemplated to 



75 be useful. 
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S B oS to MO-10 000 ranaes, uptoand including advene* c< abod, 12,001, 1 2,002, 1 3,001 , 13 002 and* i to. 
» miTll* be und.rsrood that this invention la not limited to the pattiddlat nacleie and and mno jadtd so- 
EL, OC SEQO MQ2 and SEO ID NOt3. Recombinant dddlots and Mated ONAd.9n.ent. ma, Ihet.ta 
^Ktude the LTBP 3 coding region, thamsel.es, codng ..giooe beating eeledted MUo> 
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102791 If desired one may also prepare fusion proteins and peptides, e.g., where the LTBP-3 coding regions are 
Llianed J thln'hfsame eTpLsion unrtwith other proteins or peptides having desired functions, such as tor PU^at'on 
TSSSSESL purpoL (e.g., proteins that may be purified by affinity chromatography and enzyme label coding 

i£oT 'SXSL vectors form further aspects of the present invention. Particular* useful vectors are contern- 
HtoHcTvTctors in which the coding portion of the DNA segment, whether encoding a 
smaller peptide is positioned under the control of a promoter. The promoter may be in the form of the pimdrM 
rSuml! ^associated wrth a LTBP-3 gene, as may be obtained by isolating the 5' non-codmg sequences located 
^^?X^> or exon, for examp.e, using recombinant cloning and/or PGR™ technology, in con- 

S TcS r Z^^T^Ztoe* that certain advantages wi« be gained by positioning the coding 
DNA Lgment u de^the contro of a recombinant, or heterologous, promoter. As used herein^a recombmant orh* 
erotogou Tpromoter is intended to refer to a promoter that is not normally associated with an LTBP-3 gene in Mri 
Promoters may inc.ude LTBP-3 promoters normally associated with other genes, and/or promote s 
iZted from anv bacterial viral eukaryotic, or mammalian cell. Naturally, it will be important to employ a promoter 
^SS^S^^on oTthe DNA segment in the eel, type, organism, or even animal, chosen , tar ex- 
oresston The u s e of promoter and cell type combinations for protein expression is generally known to those of skill n 
hea7« 

ndudWe and can be used under the appropriate conditions to direct high level express.on of the introduced DNA 
foment" such as is advantageous in the large-scale production of recombinant proteins or peptides. Appropriate 
IS sterns comemplated °lor use in high-level expression include, bu, are not limited to, the PUm expression 
vector svstem (Pharmacia LKB Biotechnology) (see Example XVI herein). 
55 0282 ^ ^connection with expression embodiments to prepare 

emplated that longer DNA segments will most often be used, with DNA segments encoding the entire LTBP-3 proton 
SS££ domains, subunits, etc. being most preferred. However, it wil, be ^^^^^^ 
segments to direct the expression of LTBP-3 peptides or epitopic core regions, such as may be used to generate 
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LTBP-3ant«>odieo.alsotallswi»^^ 

sT acids in lens*, o, «». preferably. Iron, abopl 15 10 .boat 30 amino acibs ,„ length are conlem- 

5S2*S. uS 3 denet'd DNA eecynents ma, also be used in connection will, soma,* express in an animal 

E alio toe a va iety oi olher uses. For example, Ihey aleo have utility as probes or pnmers in nude* acid 
K^X-T^A..**, it is con.empl.ted thai nucleic acid segments M oomprbe a seqaenc^M 
briduraion ern^ar™ • sequence that has the same sequence as, or B complementary 

cons,sBol.tleas^1^ 

wherein the length of the contiguous complementary reg.on may be vaned, such as between abou not _ano 
Too nucleotides but larger contiguous complementarity stretches may be used, according to the length of the com 

as Setpnm. l£ ^ he"" "rjand prime, s.qu.noee may be geuemed by uahouetaoupre. such as. by way ol 
Irem* S* one may wish to employ primers Irom towatde the termini ol lb. total sequence 
ST Z orcc^s ol selecting- and preparing a nocleic acid segment thai Modes a cont.gtious sequence bom 
SsEO Id STmi ;«SnaLly be described a, preparing a nucleio aoid .ragmen,, ol course, < ra S™" K ™J 

mtZ^S. e.g., one will select relativefy low salt and/or high temperature conditions, such^ 
Ssmateh .between the probe and the template or target strand, and would be particularly surtable for isolating LTBP- 
iST Of course for some applications, for example, where one desires to prepare mutants employing a mutant 

be readily ideXd as positive* hybridizing signals with respect to control hybridizations, In any case, ,t ,s generally 
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appreciated that conditions can be rendered mo^ 

5£ ^ to destabilize the hybrid duplex in the same manner as increased temperature. Thus hybndization condrt.ons 
canTe eadTmanipulated and thus will generally be a method of choice depending on the desired results. 
0292 Tn ZZ embodiments, it will be' advantageous to employ nucleic acid sequences of the present .oven »n 
n combination with an appropriate means, such as a label, for determining hybndization. A wide vanety of appropnate 
ndicato mea^rare known in the art, including fluorescent, radioactive, enzymatic or other ligands, such as av.d.n/ 
S T^^e caoaSTof Ling a detectable signal. In preferred embodiments, one will likely desire to employ a 

SSS^SSmagJSte. In the case of enzyme tags, colorimetric indicator substrates are known , that can 
beTpbyed to provide a means visible to the human eye or spectrophotometry, to identrfy specific hybnd.zat.on 

SSn hybSzation as well as in embodiments employing a solid phase. In ^ ime t T TlL?Jlfnded 

fhe S DNA (or RNA) is adsorbed or otherwise affixed to a selected matrix or surface. Th.s fixed, 

nuc M acid Ms then subjected to specific hybridization wrth selected probes under desired cond,t,ons. The selected 

Z 2 ^conten tvoe of target nucleic acid, source of nucleic acid, size of hybridization probe, etc.). Followng 
ZZt«^W^lTe so as to remove nonspecificaily bound probe molecules, specific hybr.dizat.on ,s 

Z^ZT—le preferred embodiments of the invention. It should be 
StSSlI in the art that the techniques disclosed in the examples which follow ^^^Z 
SSbythe inventor to function well in the practice of the invention, and thus can be considered to confute 
n ^rred modes for its practice However, those of skill in the art should, in light of the present disclosure, appreciate 

without departing from the spirit and scope of the invention. 

EXAMPLE I 

ANIMAL MODEL FOR ASSESSING NEW BO NE FORMATION 

[0295] As various animal models were not suitable for studying the effects of nucleic acid transfer '^^^^ 
Kentorsemployedthefollowing model system. The important features of the rat osteotomy model are as descnbed 

such differences are monitored in these studies, since the limb receiving the osteotomy .s randomized 
irZe'erative preparation (i.e., shaving and Betadine® scrub), aduft male Sp^e-Dawley rat (-500 
am retired mate breeders) were anesthetized using a 3% halothane 97% oxygen mixture (700 ml/m.n. flow rate). A 
ZTwm iSSSSL was made on one limb. Utilizing specially designed surgcal guides, four 1 .2 mm diameter 
pt S3tt> the diaphysis after profiling wfth a high speed precision bit. A surgical template ensured 
pec" i paratlel placement of L pins. The order of pin placement was always the same: outer pr^l M and 
men outer disS inner proximal and inner distal (with "outer" and "inner" referring to the d.stance from the h.pjo.nt) 
Pin p^emeTn the center of the femur was ensured by fluoroscopic imaging during p.n placement. The external 
ZCZZ red on the pins and a 1 mm or 2 mm segmental defect was created in the d.aphys« h rough 

an" using a Hall Micro 100 osci.lating saw (#5053-60 Hal, surgica. blades) under ^"^'^ °^ 
the size of the segmental defect, there is no difference between the 5 mm and 2 mm osteotomy protocols (FIG. 5A, 
FIG SB FIG 6A FIG 6B FIG 6C, FIG. 6D, FIG. 7A, FIG. 7B, FIG. 8A, FIG. 8B, FIG. 8C). 
0298?' T ecomenfs of the osteotomy sKe were irrigated wKh sterile saline and the fibrous colder 
previousty soaked in a solution of plasmid DNA or other DNA construct, if appropriate, was placed J£j 
was then closed in layers. Since the fixator provided the necessary stability no l.mitations on annual ambulation existed, 
Z of r upports w y ere not required. The surgical protocol has been successfully performe d on 53 ammals £ dtf* 
fnMMHinn vi controls (Table 2 and FIG 24). None of these animals have died and no significant adverse effects have 
SSS^JSJ^SlSoon. that might be associated with surgica, ^^^SSS^l 
that were experienced include 1 animal that developed a postoperative osteomyelitis and 1 animal in which 2/4 p.ns 
loosened as a consequence of post-operative bone fracture. 
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EXAMPLE II 

■mp! a kit MATERIAL FOR U SE <N BONE GENE TRANSFER 

r0299] Various implant materials may be used for transferring genes into the site of bone repair and/or ^regeneration 
E£ rtse materials are soaked in a solution containing the DNA or gene that ,s c .be transferred to the bone 
ronmwth site Alternatively DNA may be incorporated into the matrix as a preferred method of making. 

Krtial punSon from tissue and then sterilized. A particularly preferred collagen is the fibrous collagen implant 
matiS terS Sber™ as may be obtained from Norian Corp., (Mountain View, CA). Detailed descriptions of the 
^X^^oW^e^^ provided in Gunasekaran eta,., (1993a, 1993b ; each incorporated herem by 

EETa more particular* preferred collagen is type II collagen, with most particularly preferred collagen being either 
ecombinanTtype II collagen or mineralized type II collagen. Prior to placement in osteotomy sites, ™P'a* ^rate 
Z7mZ Tin Ltions of DNA (or virus) under sterile conditions. The soaking may be for any appropriate and con- 
venienfperici e g . from 6 minutes to over-night. The DNA (e.g., p.asmid) solution will be a ster e aqueous so ut.on 
u as 'sterie water or an acceptable buffer, wrth the concentration generally being about 0.5 - 1 .0 mg/ml. Currently 
preferred plasmids are those such as pGL2 (Promega), pSV40p-gal, pAd.CMV/acZ, and pLJ. 

20 EXAMPLE III 

PARATHYROID HORMONE GENE CO NSTRUCTS 

[0302] The actrve fragment of the human parathyroid hormone gene (hPTH1-34) was chosen as the first l of the 
25 Sropic genes to be incorporated into an expression vector for use in gene transfer to promote new bone format™ 

^T^ 

vecto was appropriate for studies of transgene function both in v,tro and ,n vivo. A schema ic of the PLJ-hPTH1 34 
transaene is shown in FIG 10. The DNA and amino acid sequences of the hPTH 1 -34 are well known, e.g. see Hendy 

so 

length PTH recombinant clone was employed, followed by standard molecular biological manipulation^ 
03Mj A retroviral stock was then generated following CaP0 4 -mediated transfection of * crip cells wrth the PU- 
n?Tm-3JcoSruct, all according to standard protocols (Sambrook eta/.J 989). Independent transduced Rat-1 clones 
were obtained by standard infection and selection procedures (Sambrook ef al .1989). Mtfam(me had 

35 [0305] One clone (YZ-1 5) was analyzed by Southern analyse, demonstrating that the PU ^^2^™ 
tably integrated into the Rat-1 genome (FIG. 11). A Northern analysis was next performed ^Z^Zscr^ 
clone expressed the PLJ-hPTH1-34 transgene, as evidenced by the presence of specific PLJ-hPTH1-34 transcripts 

(FIG. 12). 
40 EXAMPLE IV 

PARATHYROID HORMONE POLYPEPTIDE EXPRESSION AND ACTIVITY 

[0306] A sensitive and specific radioimmunoassay was performed to demonstrate that the YZ-1 5 ; c* pressed 
45 and secreted a recombinant hPTH1-34 molecule (Table 2). The radioimmunoassay was performed on mede from 
Transduced Rat-1 clones. To quantify secretion of the recombinant hPTH1-34 peptide produced by ™« 
c"turemediumfromone100mmconf.uentdishwascol,ectedovera24hourpen^ 

hPTH RIA kit (Nichols Institute Diagnostics) according to the manufacturer's protocol. PLJ*PTH1-84 cells and bAt, 
cells served as positive and negative controls, respectively. ^ 0 „ HarH Houiatinn 

so 0307] Protein concentrations in Table 2 are expressed as the average of three assay. > plus 

in parenthesis). The concentration of the 1-34 and full length (1-84) peptides was determined relative to a standard 
curve generated with commercially available reagents (Nichols Institute Diagnostics). 



Table 2 
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CELL LINES 


PTH 


(pg/ml) 


YZ-1 5 


247 


(±38) 
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Table 2 (continued) 



10 



is 



20 



25 



CELL LINES 


PTH 


(pg/ml) 


PLJ-hPTH1-84 
BAG 


2616 
13 


(± 372) 
(±3) 



ro3081 As shown in Table 2, PTH expression was detected in both YZ-15 cells and PLJ-hPTH1-84 ^cells. 1 3A6 ceHs 
prSld no dr ctable PTH and served as a baseline for the R.A. These results demonstrate that YZ-15 cells ex- 

fnSof 'Z^^2T^T mM was added to rat osteosarcoma cells and a cAMP response assay 
0 rnrine wTeZtoe secreted molecule had biological activrty. Unconcentrated media was 
n MoJLmYZ reels PU-hPTH1-84 cells, and BAG cells and was usedtotreat ROS1 7/2.8 cells for 10 minutes, 
S5^(£££^ 991 ) CAMP was then extracted from treated cells and quantified by R.A (Tab e 3 . 
Theamou b n^ 

Table 3 



CELL LINES 


cAMP 


(pmol) 


YZ-15 

PU-hPTH184 
BAG 


20.3 
88.5 
7.6 


(± 0.25) 
(± 4.50) 
(± 0.30) 



r0310l A cAMP response was induced by the recombinant PTH secreted by the YZ-15 cells and by ^L^hFffl I-84 
e is BAG X reduced no PTH and served as the baseline for the cAMP assay. These results provide ^mv*ro 
ev dence that the PLJ-hPTH1 -34 transgene directs the expression and secretion of a functional osteotrop.c agent. 
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EXAMPLE V 

BONE MORPHOGENETIC PROTE IN fBMR GENE CONSTRUCTS 

[0311] The murine bone morphogeny protein-4 (BMP-4) was chosen as the next of the osteotropic genes to be 
ncorporated Into an expression vector for use in promoting bone repair and regeneration. _ (Strataqene) 

fhe murine BMP-4 transgene is shown in FIG. 24; this entire sequence, mclud.ng the tag, is represented by SEQ ID 

ISui Placement of the HA epitope at the extreme carboxy terminus should not interfere with the function of the 
ecolnan. Zcu.e equence'n Lor in vivo. The advantage of the epitope is for utilization in immunohistochem- 

entity the recombinant murine BMP-4 molecule in osteotomy tissues « 
X^n be identified using a commercially available monoclonal antibody (Boehnnger-Mannheim), as descnbed 

SlBl Studies to demonstrate that the murine BMP-4 transgene codes for a functional osteotropic agent include, 
or «L£ a) t anlcton of COS cells and immunoprecipitation of a protein band of the correct size > usins , 8 .mon- 
ZZZtnT^o^ (Boehringer-Mannheim); and (b) a quantity in vivo bone induction bioassay jSampath and 
Reddt Si "thl involves implanting proteins from the medium of transfected COS cells beneath the sk,n of male rats 
and scoring for new bone formation in the ectopic site. 

EXAMPLE VI 

DETECTION QP mRNA BY TISP ' ™ SITU HYBRIDIZATION 

r0316] ThefollowingtechniquedescribesthedetectionofmRNAintissueobtainedfromthesiteofbonerege^ 
This may be usef ul ^detecting expression of the transgene mRNA itself, and also in detect.ng express.on of hormone 
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0, r** M*r reciter, or ofter motoles. INs method ma, b. ueod in place d. or In addition to. Northern analyses. 

extracted, and precipitated with ethanol. Riboprobes are hydrolyzed to an average final W * ^ J^'Ti 
EhaLtodtoBB-Cfor 10 minutes, deparaffinized in Schanges of xylene fw 5 minutes, and rehydrated in a descending 

Boeh nger Mannne,m) m , » ^ ^ RNase . free bovine serum a , bumin> S ,gma), 

7* J? p f 1 mM EDlS and then incubate on a 50'C s.ide warmer in a humidified enclosure for 2 hours. 

ofide-primed DNA labeling reaction. Excess prehybridtation solution is removed with a brief rinse ,n 4X SSC before 

SSt^SSL. fresh tRNA and su.furylated salmon sperm DNA will be denatured for 10 minutes at and 
E2 JiH , Hybridization solution identical to prehybridization solution except with denatured probe added to 5 X 

t^mSm^tSm are applied to serial sections. SlkJes are rinsed 3 times in 4X SSC washed with 2X SSC 1 mM 
nnte SatM'C digested with RNase A (20 mg/ml RNase A, 0.5 M NaCI. 10 mM Tris, pH 8.0, 1 mM EDTA 

£t arc for 30 minutes: once in 2X SSC, 50% formamide, 1 mM DTT, and twice in 1X SSC, 0.13/. (w/v) sod.um 

mSTSZ areTeh^ated in an ascending ethanol series (with supplementation of the dilute ethanols (50% and 

yr^withSScS 

^Cridizat 

mrmHto* iknto dried for 2 hours, and exposed (4°C) for periods ranging from 8 days to 8 weeks. ATter aeveiop.ng 
Son SHre Icoulrstained with hematoxylin and eosin, dehydrated, and mounted w«h xylene-based me- 

^SttSR^^tt Sriample, in detecting the temporal and spafia, 
patemofP^ 

bp region encoding the fu.i length rat bone PTH/PTHrP receptor (Abou-Samra « * °™ 

primary calvarial cells, and murine bone tissue. The pcDNA I plasmid contains a T7 and SP6 p ° m ^ tha J'^ 
«onofcR^ 

pTe using BamH. cleavage and the T3 primer and a sense cRNA probe using EcoRI cleavage and the T7 primer. 
EXAMPLE VII 

IN VIVO PROTEIN DETECTION FOLLOWIN G TRANSGENE EXPRESSION 
1. p-galactosidase Transgene 

[0322] Bacterial p-galactosidase can be detected immunohistochemically. Osteotomy tissue specimens are fixed in 
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Bouins fixative demineralized, and then split in half along the longitudinal plane. One-half of each specimen is em- 
S~ ffi n for subsequent ^~~~ r X^ micro- 

available kits (e.g., Promega) according to the manufacturers' instructions. 
15 2. Luciferase Transgene 

[0325] Luciferase can be detected by substrate utilization assays. This is conducted using commercial available 
kits (e.g., Promega) according to the manufacturers' instructions. 

20 3 . PTH Transgenes 

rM «n n^mhinani pth such as hPTH1 -34 peptide, is assayed in homogenates of osteotomy gap tissue, for ex- 

S3 X^^^^^^ k '* » to p,0,oc * " tehols 

react with human PTH and thus are able to recognize recombinant molecules in vivo. 

vies obtained with kit #1 (antibody to the carboxy terminus) are '^^^^S^ 
#2 (antibody to the amino terminus) to obtain an accurate and sensitive measurements. The level of recomb.nant 
peptide is thus correlated with the degree of new bone formation. 
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4. BMP Transgene 



103301 Preferably BMP proteins, such as the murine BMP-4 transgene peptide product, are de f te ?J mmunoh i S £; 
anio^^ 

bodies/along with various immunoassay methods, are deserted in U.S. Patent 4,857,456, .ncorporated oy 

!o33irOsteotomy tissue specimens are fixed in Bouins fbcative, demineralized, and then split in half *ng£etorh 
Studina. Sane 2-ha.f of each specimen is embedded in paraffin for subsequent immunohistochem.cal ident.f.cat.on 



45 of the recombinant murine BMP-4 molecule 
EXAMPLE VIII 

n.p F rT fiFNE TRANSFER INTO REGENERATING BONE IN VIVO 
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rrmsi To assess the feasibility of direct gene transfer into regenerating bone in vivo, marker gene transfer into cells 

These studies involved two marker genes: bacteria. P -ga.actos,dase and 

S^Xiofafibrouscollagen implant materia, were soaked in solutions of pure marker gene DMA. The impla ^ 
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transfected/nv/voand then expressed the p-galactosidase and luciferasetransgenes as functional enzymes. 



EXAMPLE IX 

ADENOVIRAL GENE TRANSFER IN TO REGENERATING BONE IN VIVO 

rnnsi One of the alternative methods to achieve in vivo gene transfer into regenerating bone is to utilize an aden- 
of this vector is contemplated to be useful in subcloning osteotrop,c genes, such as the hPTH1 -34 cDNA fragment. 
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vSESZSS SMUgO^. Ten daye poWrvteclW.. individual plaques » to be ptoked and need to into* »m> 
d£5, cHS. ■ » expand ?h, amdjnt =1 virus. Posnivs plaques are aalepted to fu-tha, punt**.™ and ,h. gene,- 

M tS»' — an, ad.npvlrus, ,50 ram d«r.s d, 75-90% «-« 293 «**£^»£S 

The nuclear-targeted signal has also been observed in pre-osteoblasts. 
EXAMPLE X 

TRANSFER OF AN OSTEOTROPIC GEN * STIMULATES BONF RFOFNFRATION/REPAIR IN VIVO 

[0341] in order for a parathyroid hormone (PTH) transgene to function as an osteotropfc ^^^^^ 
!s a requirement for the PTH/PTHrP receptor to be expressed in the bone repa,r tissue itse.f. Therefore, the inventors 
investigated PTH/PTHrP receptor expression in the rat osteotomy model. PTH/PTHrP receotor was 

io342] A Northern analysis of poly-AO RNA was conducted wh.ch demonstrated that the PTH/PTHrP receptor was 

^"^^Z^^^Lr gene transfer could be employed to create transited cells that 
nhL^trir anaivsis The A-P and M-L dimensions of the callus tissue are measured using calipers. Specimens are 

SSnS PtodKe are dehydrated in —9 .inoho, donc.nd.ridns 
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Emto Zthe use <tf «r ^treatment protocols is also contemplated. In such ^^^^S^^Z 

site in the animal or patient where bone repair is to be stimulated. 
EXAMPLE XI 

2S TRANSFEROF GENF ft to AHH.LLES- TE N ™m and TO CRUCIATF I IGAMENT IN VIVO 

r03481 The studies on regenerating bone described above complement others by the inventors in which gene _,ransf er 
was IceS employed to introduce genes into Achilles' tendon (FIG 3A, FIG. 3B, FIG. 3C, FIG. 3D. and FIG. 3E) 

so SrteSnes- ^consist ot celis and extrace.lu.ar mat* organized in a characteristic <^££>£ 

■mmmm 
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i + /„ o h™c> nr a rmriate liaament qraft (n=2 dogs) in normal mongrel dogs. A pSV(igal 

T^T^Z^eT^ of plasmid DNA by wound haa.ing ce.,s in both tendon and ligament 
ro3S51 A fhird study was designed to evaluate the time course of (J-gal transgene express.on. SIS + plasnmd grafts 
1 • n tSft 3 6 9 and 12 weeks (n=2 dogs per time point) and transgene expression was assayed by immu- 



K^StCTsS, as *MM »ndon and an!.*. cuaiat. NpmM S,S can a,so b. »sad to d.l».r , 
marker gene construct to regenerating tissue. 

EXAMPLE XIII 

McrnAMi(.AL PROPERTIES OF NEW BONE FORMATION 

.03581 The mechanical properties of new bone formed during gene transfer may be measured using e.g.. whole 

45 herein by reference. 
EXAMPLE XIV 

tvpf j| COLLAGEN PROMOTES NEW BONE GROWTH 
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r0361l Certain matrix materials are capable of stimulating at least some new growth in their own right, i.e. are "os- 
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quantity of lyophilized collagen). Five ol five contro. animals receded an osteotomy with 10 mg of a type I collagen 
imolant alone Animals were housed for three weeks after surgeiy and then sacrificed. 

mS The res ^ of these studies were that SIS appeared to retard new bone formation; type I co lagan nc ted a 
K atelv intense inflammatory response; and Ultrafiber™ acted as an osteoinductive agent. The type II co lagen 
5 ?^2^SsZs^ resets in that 10 mg of this collagen was found to promote new bone formation in 
s ,mplant stud es P""™"*? » . N ^ . brjd jng the osteotomy gap - was identified 

T*Z^2Zw**S^™™ZL a type II collagen implant a.one (>,., minus DNA of any type). 
SSSon tissue, but no evidence o, new bone formation, was obtained in 5/5 animals receiving 

„ [oE] ,C R^ 

aoen implant without exception showed radio-dense material in the osteotomy gap (FIG. 22A) In sharp contrast^ 
. ,JL n=,n iP\n The arrow in FIG 22A point to the new bone growth formed in the osteotomy gap of type 
TcoTgl^ 

" mm HG 22C demonstrates the results of the osteotomy with a type II collagen implant. The arrow • poM , to the 
Lrea of new bone formed in the osteotomy gap. In contrast, only fibrous granulation tissue was identified ,n the type I 

produce recombinant a1 (II) collagen protein. 
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r03671 TheTGF-psrepresentafamilyofstructurallyrelatedmoleculeswithdiverseeffectsonmammaliance^ 
grS, and differential (Roberts and Spom, 1990). Initial* synthesized as a 

terminal propeptide followed by mature TGF-p, two chains of nascent pro-TGF-p associate in most tissues to form a 
M 106000 P Sve disulfide bonded dimer. Homodimers are most common, but a ve ^o been de- 
schbed (Cheifetz et a/., 1987; Ogawa et ai, 1992). During biosynthesis the mature TGF-P dimer is cleaved from the 
HmJr TPF ft latencv results in part from the non-covalent association of propeptide and mature TGF-p 

tZZ^ thl propeptide dimer is often referred to as the latency associated protein (LAP), and LAP p us the 
SisS bonded TGF B dimer are also known as the small latent complex. In the extracellular space small latent 

to be one of the most important steps governing TGF-P effects (Lyons et a/., 1988, Antonelli-Orlidge et a/.. 1989, 

-I. latent growth factor complexes may contain addttiona, high molecular 
S protei s " best characterized of these high molecular weight proteins is ^ latent TGF -p binding pre e. or 
r T BP £ vazono etal 1988' Kanzaki etal., 1990; Tsuji eta/., 1990; Olofsson eta/., 1992; Taketazu efa/., 1994)^ LTBP 

SuX« 

specific proteolytic processing (Miyazono etal., 1988; Wakefield etal., 1988; Kanzak, etal., 1990, Tsu|. ^ 1990)^ 
Latent TG^-poomptexes that contain LTBP are known as large latent complexes. LTBP has no known covalent linkage 
to mature TGF-B but rather it is linked by a disulfide bond to LAP. 

oS Two LTBPs have been isolated to date. The deduced human LTBP-1 amino acid sequence is comprised 
Sal pepude 16 epidermal growth factor-like repeats with the potential to bind calcium (EGF-CB repeats)^ 2 cop es 
of Sue S containing 8 cysteine residues, an RGD eel, attachment motif, and an 8 amino acid 
the cell binding domain of the laminin B2 chain (Kanzaki etal., 1990). There ,s ev,dence that LTBP-1 binds ^calcium 
which in turn induces a structural change that protects LTBP from proteolytic attack (Co losett, et ai, 199 3) USP 2 
stows il% sequence identity to LTBP-1 , and its structural domains show a similar overall organization (Moren et at., 



55 1994) 



Si While the functions of LTBP-1 and LTBP-2 presently are unknown, several ideas have been put forward in 
m J S 1 effiS assemble and secrete large latent TGF-p complexes, whereas they stowty secrete small latent 
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TGF-p complexes .hat contain anoma,ous disulfide bonds (Miyazonc , ej a/.. 1991 ; Miyazono etaL ^)Jhe^ore 

« «f o/ 1 qqO' Tainalfl et a/ 1 994) i e protease activity may govern the effect of TGF-p in tissues, dux l . or 

surface, allowing latent TGF-p to be efficiently activated (Flaumenhatt etal, 1993). 
A. MATERIALS AND METHODS 
75 1. cDNA Cloning 

,03711 Aliouots (typically 40-50,000 PFU) of phage particles from a cDNA library in the XZAPII® ^'^^ 
[0371] Aiiquoxs iiypicewy «hi w, , r » Blue™ cells (crown in Luria broth supplemented with 0.4% 

NIH 3T3 cell mRNA (Stratagene and fresh overnight XLI-Blue ceils ...grown in luib kk 

formamide, 5X SSPE, 1 X Dennarot s, u i /. ou , a- radiolabeled by the nick 

assist 

P^ild ohaae clones were converted to pBluescript® plasmid clones, which were sequenced using Sequenase (v2.0) 
JSS^ST-TiS Sn - i 1995). Sequence alignment and identrty was determined using sequence 
analysis programs from the Genetics Computer Group (MacVector). 

2. Tissue In Situ Hybridization 

103721 To prepare no,™. aenee and antiaanaa prooee, > unique 342 bp fragment from .he 3' 

Na 2 C0 3 , 80 mM DTT wr 4U min r e S ' t ively and the probes were then ethanol precipitated, dissolved 

fn^D^ 

(Novagen) and the in situ hybridization protocol were exactly as described (Chen et aL, 1993. Yin et al., 1 995). 

3. Northern Analysis 

rn-mi MC3T3-E1 cell ooly AM RNA (2-10 mg aliquots) was electrophoresed on a 1 .25% agarose/2.2 M formal*- 
T^Zc Z^Z^L^. Inc.,. A specif* uDNA p.coe 

with intensifying screens (XAR, Kodak) at -86°C. 

4. Antibody Preparation 

ro374l LTBP 3 antibodies were raised against a unique peptide sequence found in domain #2 (amino acids 1 55-1 67). 
^S^SZ^L confirmed using an AB,473 protein sequence, A cysteine residue was added 
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0.2 M gfycine (pH 2 3). immediately dialyzed against PBS, and concentrated to 1 mg/ml prior to storage at 

5. Transfectlon 

and antibiotics for 72 hrs. at 37°C. 

6. Immunoprecipitation 

HESS 

C were usTd to IS miliar weight. The ge. was dried and exposed to fi.m for the indicated t,me at room 
temperature. 

7. Western Analysis 

(Amersham) according to the manufacturer's protocols. 
40 B. RESULTS 

[0378] in this study, the inventors isolated and characterized a novel murine fib ^^^^S^ 
clone the murine LTBP-3 gene, cDNA from a 3T3 cell cDNA library was amplified using n " r " an fibrillin -1 PCR ■P™"™ 
clone the murine li or o 9 e , nnnpa iino at 37°C initially for 10 cycles, followed by annealing at 60°C for 30 

S A CDNA ««ng Cates, e.en.ualty yielded 

SSS . ™ £ ln« r.gL (Region , - Re 9 i»n 5), and M M. 

to^nu^tw fibnllin-1 (FIG. 15A), its domain structure is unique as is evidenced by Hie schematic representation of LTBP- 
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may be proteolytic^ processed. Domain #2 extends lor of 390 amino acids, consisting of an EGF-likj .repeal £ 1 36 

H fl ndford etal 1 991 ) whereas 2/1 4 were transforming growth factor-p-b.nd.ng protem (TGF-bp) motris (Kanzaki et 

molecular mass S 134 710 Da, and five potent®! N-linked glycosylation sites. No RGD sequence was present. 
, 0 £S Nort ^ rn blot analysis of murine embryo RNA using a 3' untranslated region probe identified a transcnpt band 
of 4 6 to In this regard, 4 310 nt have been isolated by cDNA cloning, including a ST untranslated region d 401 n, 
and a 5' upstream sequence of 156 nt. The apparent discrepancy between the Northern analys.s result and the cDNA 
Sequence SI suggested that the 5' upstream sequence may include -300 nt of additional upstream sequence. 
Th' esSmate was consistent wrth preliminary primer extension mapping studies indicat.ng that the B upstream se- 

ide Thirte n w e EGpTe and 11/13 contained the calcium binding consensus sequence. This consensus was de_ 
fram an analysis of 154 EGF-CB repeats in 23 different proteins and from structural analyses of the EGF-CB 
^^bS^d ulLnd to calcium ton (Se.ander-Sunnerhagen et a.., 1992). Variations on the consensus 
2 o aveteen noted previously and one of these, D-L-N/D-E-C, , was identified in the thH EGF-Wjj . repea o» #4 
In addition a potential calcium binding sequence which has not previously been reported (E-T-N/D-E-C,) was .denttfied 
nthe f^ 

Teh represents a recognition sequence for an Asp/Asn hydroxylase that co- and post-translat,onal,y mod,f.es D/N 

a siqnal peptide followed by 5 structurally distinct domains, i.e., two doma.ns w,th numerous EGF-like, EGF-CB and 
Fib ^eDeats and a third with a proline-rich sequence (Pereira et a/., 1993). However, comparison of each of these 
domaTns usina the GAP and BESTFIT programs (Genetics Computer Group) has revealed a low level of am.no acid 
nomTJ structural domains shared by the deduced murine potypeptide and human f,br.l n- 
T^^freZTs putative fibrillin family member because fibri.lin-1 and fibril.in-2 share -50% .dentrty 

mSS TseJrS of available databases revealed that the deduced murine polypeptide was most similar to the human 
Lnd at ,«W*g proteins (Kanzaki eta,., 1990; Tsuji eta,., 1990). In ™ ^f^^ 

similar to fibrillin in that it could also be divided into five structurally dist.net doma.ns (FIG. 15A, FIG. 15B, and RQL 
KS^VnLly short domain downstream of the signal peptide with a net basic charge , (am.no ^s 
2133 est pi l7l4radomainL8istingofEGF-like.EGF.CB, TGF-bp 

rich ^sequence (ami acids 34-407); a proline-rich domain (amino acids 408-545); a large demon cons.st.ng of EGF- 
CB TO^arf TO?*Hto repeat motifs (amino acids 546-1379); and a relative* short demon at the carboxy 
CB, Tfah Dp, ana iw p h sequence comparison of the deduced murine and human polypeptides 

rrSen% fo Z^T^W™™* #2, 30% identity for domain #3, 43% identity for domain 
#4 and 7% den S for domain #5. The average identity over the five domains shared by the murine polypephde and 
human LTBP was 38 4% Significantly, cysteine residues in both polypeptide sequences were h.ghly oonse'ved. 

.TRP Should be exoressed alonq with TGF-B by both epithelial and connect.ve cells (Tsuji et a/., 1 990). The structure 
and connective tissue cells. Tissue in situ hybridization was used to test this hypothesis 

£S A^erview of the expression pattern as determined by tissue in situ 3 5 

FIG i 17B FIG 17C, and FIG. 17D. Approximate mid-sagrttal sections of normal murine embryos at days 8^5-9^1 as 
and 165 pc of development were hybridized with a 3s S -labeled single stranded normal sense r.boprobe ^om the 
same cDN A construct was used. At day 8.5-9.0 of development, intense gene expression was observed ,n the mes- 
Te ria^d an mesometria, uterine tissues, ectoplacental cone, placenta, placenta, membranes.^ et^senp. ap- 
peared to be widely expressed in murine embryo mesenchyma^connect,ve t,ssue ^^J^^^ 
mesenchyme, at days 8.5-9.0, 13.5 and 16.5 of development. Particularly .ntense express.on of the transcnpt was 

^S»^£%k^ of the transcript by cells o, the developing central nervous system, som.tes and card.o- 
vascular tissue (myocardium plus endocardium) was also observed. 
^rSos^ 
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cells and by cells invoked in intramembranous and endochondral bone formation. The transcript 

eobC and by periosteal cells of the calvarium, mandible and maxilla. The transcr.pt was also , dentrted .m both 

cir mi fig 1BJ FIG 18K FIG. 18L, FIG. 1SM, FIG. 18N, FIG. 180, and FIG. 18P). 

r0388] Respiratory epithelial cells lining developing small airways and connective tissue cells in the P«tam**» 

SL exposed th murine transcript, as did myocardial cel.s (atria and ventricles^ 

Cetwfthfn ?he walls of large arteries also expressed the transcript. Expression of the murine gene was .dentrfied in 

and Wer Sisal epithelial cells lining the upper and lower digestive tract plus the smooth muscl ^ 

Sue eel's tound in the submucosa expressed the transcript, as did acinar cells of the exocrine pancreas. Desprte the 

hTahfeveS^ 

fiC n the kTnev expression above the basal level was observed in cells of developing nephrons, he ureteric 
Kdney ^SSS^SSu^ internum. In the skin, epidermal and adnexal keratinocytes, derma connective 
S su celte and brown fat cel.s within the dorsal subcutis expressed the murine transcript. In the central and periphera 
li^ST^^snglon cells wtthin the cerebrum, brainstem, spinal cord, and penpheral nerves expressed the 
Zn^transcrS The transcript was also intensely expressed by cells of the developing murine retina. 
5 So Ct -irTe gene is widely expressed by both epithelial and connect^ Ussue cejj j pattern , tha wou 
be expected for a latent TGF-(J binding protein. Three final observations argue that the LTBP-like (LTBP-3) sequence 
presented In FIG. 25 is not simply the murine homologue of human LTBP. First, ^™*^™£S 
n trp 3^ seauence has a smaller number of EGF-like repeat motifs than human and rat LTBP (8 versus 11). Second, 
^SSZSZX rat LTBP-like coding sequence were j!^^^^?^^ 
human and rat LTBP but only 65% identity with the murine LTBP-like gene. Third, the human LTBP and LTBP 1 Ke 
^m\ltoriXotpaL chromosomes. Human LTBP was assigned to human chromosome 2 based I on he 
TaVsis of h^man xrodent somatic cell hybrid lines (Stenman eta,., 1994). The present invention represents th £st 
™S of an LTBP qene in the murine. The human LTBP-like genes was recently localized to chromosome 11 band 
^ while the muTne gene wis mapped to murine chromosome 19, band B (a region of conserved synteny), using 
several independent approaches, including fluorescent in situ hybridization. 

039 The P L indication of alternative splicing came from molecular cloning stud.es , h. ™^fna^ 
pendent cDNA clones were isolated with a deletion of 51 bp Irom the coding sequence. PCR™/Southem blot analysis 
provided add^evLce that the homologous 51 bp sequence was alternatively spliced ,n norma, munne embryo 



tissues. 



r03921 Northern blot analysis also demonstrated that the novel fibrillin gene was also expressed in rat callus three 
week after os eotomy, aJr mineralization has begun. Gene expression in normal adult rat bone tissue wa s «j* 
teant which suggests that microfibrils are an important part of the bone fracture healing response^ The novel^fibnlhn- 
Z gene Is expressed in callus as a pair of alternative* spliced transcripts. This resurt has been^dependen fiy 
JeprSucedonthreecx^aeions.Molecu 

^ n X^^^^ to demonstrate that the murine gene product was capable of 
Ending TGF f MC3T3-E1 cells were utilfced because they synthesize and secrete TGF- 

tocrine regulator of osteoblast proliferation (Amarnani eta/., 1993; Van Vlasselaer etal., 1994, Lopez-Cas.llas eta/., 

fMMl To determine whether or not MC3T3-E1 cells co-expressed the murine gene product of TGF-p cells were 
Son °00 mToIhes under differentiating conditions (Quarles eta,., 1992) and the medium was replaced hw.ce 
welkt Para^Tdlshes were plated and assayed for cell number and alkaline phosphatase acfvrty, which confirmed 
Thl iXriiationwas indeed taking place. Equal a.iquots of ^f^™™^ ^ 
lif-nrq F1 ce ,, s af ter 5 14 and 28 days in culture for Northern blot analysis. As shown in FIG. 19, expression or me 

ondaj Z^O^ta)., 1992), the results suggest for the first time that LTBP-2 gene express.on ,s an early 
marker of osteoblast differentiation. 

C. DISCUSSION 

T03951 This studv reports the molecular cloning of a novel LTBP-like gene that contains numerous EGF^ike repeats^ 
ErnlXi— 

amino acid sequence of the murine gene product appears to be a secreted polypeptide of 1,251 ammo acds. Although 
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i, is similar to fibrillin the overall structural organization and expression pattern of this gene product resembles 
LTBpT atem TGF B binding protein that was originally isolated and characterized by Held.n and co-workers Kanzak, 

differences exist ^ ne nurn h share _ go% jdentjty ^ human and rat LTBP. 

a portion of the rt mun "^7 h ^^t nd ra t L TBpTke genes have been cloned and shown to share -90% identity with 
TZZ iSEFSXZ LTBP and^he LTBP like gene reside on different human chromosomes (Stenman 
1 a ? i qi , Taken together these data suggest that a family of at least two LTBP genes exists. 

Te IZZ !« each polypeptide can be organized intofive domains two 

,■ i^h onri i trp masses an 8-cvsteine repeat previously referred to as the Fib mow Decause n wdb 
,s prolme-nch and LTBP possesses an ^ste.ne p P * ^ ^ jso|atjon ^ domng 

SI EsSXts Ftorillin-1 and fibrillin-2 each contain >50 such repeats, and in every one the spacing ,s C4-X- 
C White ^ pattern fs repeated in a majority of the EGF-like repeats in LTBP-1 and LTBP-2, both genes a so contain 
C 6 . While this panerr i s P , sign ificance of this observation is unclear, variation in the number 

InJfiS hand fc C TThe COOH-terminal subdomain has a highly conserved conformation that only .s possible rf 

[0398] The Li £ gene is , w expr essed by mesenchymal cells of developing connective 

™S« have suooested that TGF-B plays a role in differentiation and morphogenesis during murine development (Lyons 
SS^SSS^Sw^S^ ^ epithelial, parenchymal and stromal cells. Tsuji eta,., (1990) and others 

oHhe LTBP-2 gene over the course of murine development is consistent with th,s expectation. However *e LTBP 2 
ee^ 

ganglion 23*1^1.^-^^^^'* 

2 molecule has an additional function in certain connective tissues besides targeting (TOF-p. DO|VDeDtlde 

ZshavfbeeSSi 

Comdexes with a qrowth factor that is being characterized by immunological methods. 

ST The presence of dibasic amino acids in the LTBP-2 sequence suggests that ,t may 

soeeffic proteolysis TGF-B regulates extracellular matrix production by suppressing matroc degrada .on (through a 

dec ^eCressfon o, phases such as collagenase, plasminogen activator, and strome^sin plus an incase 

£7££^P«»m inhibitors such as plasminogen actuator inhibitor-1 and tissue unhibrt* £ metallopro- 

teinase-1) and by stimulating matrix macromolecule synthesis (for recent review, see Lyons and Moses 1990 Mas 

teinase i) ana oy y Miyazono etai, 1992). Conversely, production of extracellular matrix has 

genes. LTBP-1 and LTBP-2 may contribute to this regulation by facilitating the assembly and secretion of large latent 
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nmwth factor complexes and then targeting the complex to specific connective tissues (Taipale et a/., 1 994). 

5 ?TBP2 Us ^Jke LTBP-1 it has the potential to function as a secreted, extracellular structural prote.n As 
el st Led here dolinTo«'LTBP-3 appears to be a unique sequence that likely has a globular conf = rv 
DoZ S also is highly basic and may facilrtate LTBP-2 binding to acidic molecules (e.g., ac,d.c P-oteoglycan^ wrthin 

5 the extracellular space Sequences rich in basic amino acids have also been shown to function as endoproteolytic 
TJesZ stgnaSTor several peptide hormones (Barr, 1991; Steiner et a/., 1992). It is possible, therefore that the 
NXrZuTof LTBP-3 is proteolytic^ processed in a tissue-specrfic manner. Domains #2 and #4 consist of con- 
sSrcIste^ch repeats, the majoJty of which are of the EGF-CB type. Besides binding calcium (Corson et a 
r 9 3 Tese repeats may provide LTBP-3 wtth regions conformation capab.e of interacting wth other « ma ro- 

10 molecules (Engel, 1 989). Domain #3 is proline rich and may be capable of bending (or funct.on.ng l.ke a hinge) .n three- 
d^rns Sace (MacArthur and Thornton, 1991). (In this regard, domain #2 is of interest because , rt ha. , a i milar 
Teteh of 135 amino acids that is both proline- and g*cine-rich. Sin ce glycine-rich sequences are also thought to be 
capable of bending or functioning like a hinge in three-dimensional space, this amino acid sequence may into rupt the 
extended col of domain #2, thereby providing rt with a certain degree of flexibility ,n three<i,mens,ona. space_) 

is Domain Talso appears to be a unique sequence having a globular conformation. The absence of a known ^cell at^ 
tachment motif may indicate that, in contrast to LTBP-1, the LTBP-3 molecule may have a more Med role in the 
eSrS! that of a structural protein) in additbn to its ability to target latent TGF-B complexes to specrfic 

°ZT MC3T3 e E1 pre-osteoblasts co-express LTBP-3 and TGF-B1 and these proteins form a complex in the cuffure 
20 medl These resuffs are particularly interesting because bone represents one of the largest known repostones of 
StentToF-B (200 ug/kg bone; Seyedin et at., 1986 and 1987), and because this growth factor plays a critical role n 
HeSatoSe structure and function. For example, TGF-B is thought to (i) provide a powerful stimulus to 
bone forSc in developing tissues, (ii) function as a possible "coupling factor" during bone remodeling (a process 
ttet cSSes bone resorption and formation), and (iii) exert a powerful bone inductrve st.mulus following fracture. 
2S Actaln of the latent complex may be an important step governing TGF-B effects, and LTBP may modulate the 
activation Drocess (e g it may "protect" small latent complexes from proteolytic attack). 

Ex ^pTess on of large Lent TGF-B complexes bearing LTBP may be physiologically relevant to. i.e., may be 
oart o the mechanism of, the pre-osteoblast -> osteoblast differentiation cascade. This is based on the evidence that 
MC3T3-E1 ceSsZls large latent TGF-B1 complexes bearing LTBP-2 precisely at the time of transrt.on from the 
30 ^Z^oZ^J^p. (-day 14 in culture, or, at the onset of alkaline f^^SZ ™ 
Queries et al 1992) The organ culture model, for example, likely is comprised of differentiated osteoblasts but few 
toTX^tl™Z it aditficult model at best in which to study the differentiation cascade (Dallas etai £84 * 
It fe also well known that MG63, ROS17/2.8 and UMR 106 cells are rapidly dividing and they express the osteobast 
enXr^s these osteoblast-.ike cell lines do not show the uncoupling of cel. proliferation an cell ^erent^on 
thatcharacterizes the normal (physiologically relevant) pre-osteoblast ^osteoblast transition (Gerstenfe^^ 
Stein and Lian 1 993). Therefore, the production of small versus large latent TGF-B complexes may be associated wrth 

TlTbVi and other proteins (Colosetti ef a,.. 1 993). Calcium binding, in turn, ma^ 

and the regulation of its interactions with other molecules. The presence of dibasic am.no ac.ds suggests that LTBP- 
3maya.ou^ 

maS degradation (through a decrease in the expression of proteases such as collagenase, plasminogen actuate 
S an increase in the expression of proteinase inhibrtors such as plasminogen 

and tissue inhibL of meta.loproteinase-1 ) and by stimulating matrix = omo'ecu.e synthesis <*J«£^ 
see Lyons and Moses, 1990; Massague, 1990; Laiho and Keski-Oja, 1992; and Miyazono e a 993). Conversely, 
production of extracellular matrix has been shown to down regulate TGF-p gene expression ((*aul eta/ ;> ^ ^ 
B may therefore regulate extracellular matrix production through a so P h.st.cated feedback loop that ir^fluences the 
expression of a relatively large number of genes. LTBP-1 , LTBP-2, and LTBP-3 may contribute to this egulation by 

so connective tissues (Taipale er a/., 1 994). 
EXAMPLE XVI 

PREPARATION OF ANTIBODIES AGAI NST THE LTBP-3 GENE PRODUCT 

T04051 An affinity-purified antibody (#274) capable of immunoprecipitating was prepared against the murine LTBP- 
^ep^u'rAtS-lengthmurinecDNA was assembled ^P^^^jffl 
and expressedfollowingtransienttransfection of 293T cells. Nascent polypeptides, radiolabeled by addit.on of ^ S Cys 
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to the medium of transfected cells, were immunoprecipitated using affinity-purified antibody #274 As shown in FIG^ 

floret , h » h <n 

0406 FinXM^Ei cells were cultured for 7 days under differentiating conditions and double-labeled wrth 30 

s S 4 Seine and 3*5 methionine in deficient media. Radio.abeled media was dialyzed into cold PBS with pro- 
£T Lfo^Aliquots of the dialyzed medium sample (10* incorporated CRM) were analyzed by a comb.ned .m- 
ZoDTeSorVWestem ana^sis protocol. The murine polypeptide was clearly and reproducibly secreted by 
MC3T3 * moating under reducing condttions as a single band of 180-1 90 kDa (F |Q 21) ■ <*^£* *• 
Results of previous studies (e.g., Miyazono et a/., 19B8; Dallas et al., 1994; Moren et al., 1994) ^ bands of 70 and 50 

10 kDa co^sponding to the TGF-01 precursor were co-immunoprecipitated with the 180 kDa LTBP-3 protem Weak 
bands o 40 and12 kDa were afso identified in experiments in which only immunoprecipitation was performed. The 
atter wer Sc uded in FIG. 21 because they migrated within that portion of the gel included in the Western m^m. 
Prate" bandt oi 70-12 5 kDa are not variant forms of LTBP-3; FIG. 20 demonstrates that LTBP-3 m.grates as a single 
band ol 80 ^ 90 kDa , ollowing transient transf action of 293T cells, which fail ^ 

,s a unique band consistent wrth monomeric mature TGF- P 1 was found in the LTBP-2 immunoprecpitate • Antibody #274 
fs incapable of binding TGF-p1 as determined by radioimmunoassay using commercially available reagents (R&D 
Svstemsl an the manufacturer's suggested protocols. These results have been reproduced in 6 independent exper- 
Ss wiS S separate lots of MC3T3-E1 medium. Thus the new murine LTBP-3 polypeptide bmds TGF-0 in 
vitro. 

20 

EXAMPLE XVII 

ISOLATION OF A GENE ENCODING M URINE LTBP-2 
25 [0407] In addition to determining the DNA and corresponding polypeptide sequence of the murine LTBP-3 gene, the 
murine LTBP-2 gene was also cloned and sequenced. , mnn . . „ ct in no-17^ The de- 
[0408] The complete cDNA nucleotide sequence for murine LTBP-2 is shown in FIG. 27 (SEQ ID NO.17). The de 
duced amino acid sequence as shown in FIG. 28 (SEQ ID NO:18). 

30 EXAMPLE XVIII 

EXPRESSION OF RECOMBINANT TYPE II C OLLAGEN 

[0409] The Pichia Expression Kit (Invftrogen, Inc.) may be used to prepare recombinant type i II collagea This kit, 
35 based on the methylotrophic yeast, Pichia pastoris, allows high-level expression of recombmant protein in an eaBy-tah 
^relatlelyhexpensivesyst^ 
Tsaclb^ 

^cS^ he firs, step in'the metabolism of methanol. This promoter, which is ^.^^^^ 
characterized and incorporated into a series of Pichia expression vectors. This feature of Pich.a has been expbrted to 
40 express high levels of recombinant proteins often in the range of grams per .iter. Because ,» ,s 

utiSzes posttranslational mediation pathways that are similar to those used by mammalian cells. This implies that 
the recombinant type II collagen will be glycosylated and will contain disulfide bonds. 

contemplate the following particular elements to be useful in the expression of recombmant 
vpe I collagen the DNA sequence of human type II collagen (SEQ ID NO:11) (Lee ef al., 1989); rat type I cohagen 
S £ (Michaelson eta/., 1994); and/or mouse type II collagen (SEQ ID NO:15) (Ortman et al., 1994). As 
Ssources of DNA sequences encoding type II collagen are available, these three are examples of many sequence 
elements that mav be useful in the present invention. 

STl] For p^aration of a recombinant type II collagen, the native type II collagen cDNA is modified by the add-on 
of a commercially available epitope tag (the HA eprtope, Pharmacia, LKB Biotechnology, Inc.). Such fragments may 
be rSy pre^ for example, directly synthesizing the fragment by chemical means, by application of nudeic 
acireprod'uction technology, such as the PGR™ technology of U.S. Patent ^^^T^^ 
ence) or by introducing selected sequences into recombinant vectors for recombinant production. (PCR 1 is a 
tered trademarkof Hoffmann-LaRoche, Inc.). This is followed by cloning intothe Picha expression vector The result ng 
pTsm^ 

ss and transformed with the linearized construct according to the manufacturer' s recommenda tions 

[0412] Transformation facilitates a recombination event in vivo between the 5' and 3' AOXJ sequences in the P.chm 

lecto and those in the Pichia genome. The result is the replacement of AOX1 with the gene of interest 

Io4 3 Transformants are then plated on histidine-deficient media, which will select for successfully transformed 
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10 



15 



cells Transformants are further selected against slow growth on growth media containing metha nol Posit ve trans- 
for 2 days in liquid culture and then for 2-6 days in broth that uses methanol as the sole carbon 
source P^?n expression is evaluated by sodium dodecyl suffate-polyacrylamide gel electrophoresis (SDS-PAGE) 
and Wasted hybSzatbn using a commercial* available polyclonal antisera to the HA epitope (Pharmacy) 
Sflfl Recombinant type II collagen protein can be purged according to the manufacturer's recommendations , * 
Syzed agaS double drilled, deionized water and lyophiHzed in 10 mg aliquots. The aliquots are stenhzed and used 
ac imniant material for the osteocond active matrices. 

[Ml^ ^l^ de compositions and methods disclosed and claimed herein can be made and executed without undue 
exoerimen ation in light of the present disclosure. While the compositions and methods of this invention have been 

?o thfcomposL methods and in the steps or in the sequence of steps of the method described herein without 
depaninoTrorn the concept, spirit and scope of the invention. More specific^, it will be apparent that certain agents 
wnich are S chemical, and physio.ogica.ly re,ated may be substituted for the agents Scribed here, ,h 
Tame or similar results would be achieved. All such similar substitutes and modifications apparent to those skilled ,n 
he art are deemed to be wrthin the spirit, scope and concept of the invention as defined by the appended claims. 
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(i) SEQUENCE CHARACTERISTICS: 

45 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

50 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 



AACATGACGC TCATCGGAGA GAAC 



84 
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(2) INFORMATION FOR SEQ ID NO:5: 
[0419] 

5 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
10 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 



75 



20 



AGGTGATCGC AGATCCTC 18 



(2) INFORMATION FOR SEQ ID NO:6: 
[0420] 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
30 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6: 

• 35 

TACCGATGCT ACCGCAGCAA TCTT 

40 (2) INFORMATION FOR SEQ ID NO:7: 
[0421] 

(i) SEQUENCE CHARACTERISTICS: 



45 



50 



55 



(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

ATGCCTAAAC TCTACCAGCA CG 



24 



22 
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(2) INFORMATION FOR SEQ ID NO:8: 
[0422] 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 



GAGTCACGTC ATCCATTCCA CA 

20 (2) INFORMATION FOR SEQ ID NO:9: 
[0423] 

(i) SEQUENCE CHARACTERISTICS: 

25 

(A) LENGTH: 22 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

30 

(ii) MOLECULE TYPE: DNA (genomic) 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 



CGTCCAAGTT GTGTCTTAGC AG 



40 (2) INFORMATION FOR SEQ ID NO:10: 
[0424] 

(i) SEQUENCE CHARACTERISTICS: 

45 

(A) LENGTH: 53 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

so 

(ii) MOLECULE TYPE: peptide 
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45 Claims 

1 . A composition comprising an isolated nucleic acid segment and a bone^ompatible matrix for use in human and 
veterinary medicine. 

so 2 The composition of claim 1 , wherein said nucleic acid segment is an isolated osteotropic gene, said composition 
being capable of promoting expression of the gene in bone progenitor cells and of stimulating said cells. 

3. The composition of claim 2, wherein the composition is capable of promoting bone tissue growth. 

ss 4 The composition of any of claims 1 to 3, wherein said composition is prepared by bringing the nucleic acid segment 
or the gene into contact with the bone^ompatible matrix to form a matrix-nucleic acid segment/gene composition. 

5. The composition of claim 4, wherein said composition comprises said segment or gene in association with the 
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bone-compatible matrix and a pluronic agent to form a sy ringeable matrix-nucleic acid segment/gene composition. 

6. The composition of any of claims 1 to 5, wherein said composition further comprises a detectable agent for use in. 
an imaging modality. 

7. The composition of claim 6, wherein said composition further comprises a radiographic agent. 

8. The composition of claim 6, wherein said composition further comprises a paramagnetic ion. 

9. The composition of claim 6, wherein said composition further comprises a radioactive ion. 

10. The composition of any of claims 1 to 9, wherein said composition further comprises calcium phosphate. 

1 1 . The composition of any of claims 1 to 1 0, wherein said nucleic acid segment is a DNA molecule, an RNA molecule, 
or an antisense nucleic acid molecule. 

12. The composition of any of claims 1 to 3, wherein said bone-compatible matrix is a collagenous a metal, a hydrox- 
ylapatite, a hydroxylapatite-coated metal, a bioglass, an aluminate, a bioceramic, an acrylic ester polymer, a lactic 
acid polymer, a glycolic acid polymer, or a lactic acid/glycolic acid polymer matrix. 

13. The composition of claim 12, wherein said matrix is a titanium matrix or a collagen preparation. 

1 4. The composrtion of claim 1 2 or 1 3, wherein said matrix is a titanium matrix coated with hydroxylapatite, or wherein 
the matrix is a type II collagen preparation. 

1 5. The composition of any of claims 1 2 to 1 4, wherein said bone-compatible matrix is a lactic acid/glycolic acid polymer 
matrix. 

16 The composition of any of claims 12 to 14, wherein said type II collagen preparation is obtained from hyaline 
' cartilage, is a recombinant type II collagen preparation, or a mineralized type II collagen preparation. 

17 The composition of any of claims 1 to 16, wherein said nucleic acid segment is a linear nucleic acid molecule a 
* plasmid, a recombinant insert within the genome of a recombinant virus, or a nucleic acid segment associated 

with a liposome; or wherein said osteotropic gene is in the form of plasmid DNA, a DNA msert wrthm the genome 
of a recombinant adenovirus, a DNA insert within the genome of a recombinant adeno-associated virus (AAV), a 
DNA insert within the genome of a recombinant retrovirus, or a DNA segment associated with a liposome. 

18. The composition of any of claims 2 to 1 7, wherein said bone progenitor cells are stem cells, macrophages, fibrob- 
lasts, vascular cells, osteoblasts, chondroblasts, or osteoclasts. 

19. The composition of claim 18, wherein said bone progenitor cells are fibroblasts. 

20. The composition of any of claims 1 to 19, wherein said nucleic acid segment or osteotropic gene is absorbed in, 
adsorbed to, or impregnated within said bone-compatible matrix. 

21 The composition of claim 20, wherein the osteotropic gene is a parathyroid hormone (PTH) gene, a bone morpho- 
' genetic protein (BMP) gene, a growth factor gene, a growth factor receptor gene, a cytokine gene, or a chemotact.c 

factor gene. 

22 The composition of claim 21 , wherein the osteotropic gene is a PTH1 -34 gene, a BMP-2 or BMP-4 gene, a trans- 
forming growth factor (TGF) gene, a fibroblast growth factor (FGF) gene, a granulocyte/macrophage colony stim- 
ulating factor (GMCSF) gene, an epidermal growth factor (EGF) gene, a platelet derived growth factor (PDGF) 
gene, an insulin-like growth factor (IGF) gene, a leukemia inhibitory factor (LIF) gene, or a LTBP gene. 

23. The composition of claim 21 or 22, wherein the osteotropic gene is a TGF-a, a TGF-p1 , a TGF-p2 gene, a LTBP- 
2 or LTBP-3 gene. 

24. The composition of any of claims 1 to 23, wherein the composition comprises a bone-compatible matrix and two 
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or three nucleic acid segments or two or three osteotropic genes. 

25. The composition of claim 24, wherein the composition comprises a PTH gene and a BMP gene. 

26. The composition of claim 25, wherein the composition comprises a PTH1-34 gene or a BMP-4 gene. 

27. Use of the composition of any of the preceding claims in the preparation of a formulation or medicament for trans- 
ferring a nucleic acid segment into bone progenitor cells. 

28. Use of the composition of any of claims 2 to 26 in the preparation of a formulation or medicament for promoting 
expression of an osteotropic gene in and stimulating bone progenitor cells. 

29. The use of claim 27 or 28, wherein such bone progenitor cells are within a bone progenitor tissue site of an animal. 

30. The use of claim 28, wherein said formulation or medicament is applied to a bone fracture site or is implanted 
within a bone cavity site to promote bone tissue growth in said animal. 

31. The use of claim 30, wherein the bone cavity site is a bone cavity site which is the result of dental, or periodontal 
surgery, or of the removal of an osteosarcoma. 

32. The use of any of claims 27 to 31, wherein the bone progenitor cells are fibroblasts. 

33. Use of the composition of any of claims 1 to 26 in the preparation of a medicament for the accomplishment of 
wound healing and/or tissue repair. 

34. An in-vitro method fortransferring a nucleic acid segment or gene into bone progenitor cells, the method comprising 
the step of contacting bone progenitor cells with the composition of any of claims 1 to 26. 

35. The method of claim 34, wherein the bone progenitor cells are fibroblasts. 

36. A kit comprising, in suitable container means, the bone«ompatible matrix and the isolaled nucleic acid segment 
or gene as defined in any of claims 1 to 26 in a pharmaceutical^ acceptable form. 

37. The kit of claim 36, wherein said nucleic acid segment comprises a lyophilized gene preparation. 

38 An osteotropic device comprising an isolated osteotropic gene as defined in any of claims 2 to 26, wherein said 
device is capable of stimulating bone formation when implanted within a bone progenitor tissue site of an animal. 

39. The device of claim 38, which is a hydroxylapatite-coated titanium osteotropic device. 

40. The device of claim 38 or 39, wherein said device is shaped to join a bone fracture site or is shaped to fill a bone 
cavity site in said animal or wherein said device is an artificial joint. 

Patentanspruche 

1 . Zusammensetzung, umfassend ein isoliertes Nukleinsauresegment und eine Knochen-vertragliche Matrix zur Ver- 
wendung in der Human- und Tiermedizin. 

2 Zusammensetzung nach Anspruch 1 , wobei das Nukleinsauresegment ein isoliertes osteotropes Gen ist, wobei 
die Zusammensetzung die Expression des Gens in Knochen-Vorlauferzellen fordern und die Zellen stimulieren 
kann. 

3. Zusammensetzung nach Anspruch 2, wobei die Zusammensetzung das Wachstum von Knochengewebe fordern 
kann. 

4 Zusammensetzung nach einem der Anspruche 1 bis 3, wobei die Zusammensetzung hergestellt wird durch Inkon- 
taktbringen des Nukleinsauresegments Oder des Gens mit der Knochen-vertraglichen Matrix unter B.ldung e.ner 
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Zusammensetzung aus Matrix-Nukleinsauresegment/Gen. 

5 Zusammensetzung nach Anspruch 4, wobei die Zusammensetzung das Segment oder Gen in Assoziation mit der 
Knochen-vertraglichen Matrix und einem pluronischen Mittel zur Bildung einer einspritzbaren Zusammensetzung 
5 aus Matrix-Nukleinsauresegment/Gen umfaBt. 

6. Zusammensetzung nach einem der Anspruche 1 bis 5, wobei die Zusammensetzung weiterhin ein nachweisbares 
Mittel zur Verwendung in einer Abbildungsmodalitat umfaBt. 

10 7. Zusammensetzung nach Anspruch 6, wobei die Zusammensetzung weiterhin ein radiograph isches Mittel umfaBt. 

8. Zusammensetzung nach Anspruch 6, wobei die Zusammensetzung weiterhin ein paramagnetisches Ion umfaBt. 

9. Zusammensetzung nach Anspruch 6, wobei die Zusammensetzung weiterhin ein radioaktives Ion umfaBt. 

75 

10. Zusammensetzung nach einem der Anspruche 1 bis 9, wobei die Zusammensetzung weiterhin Calciumphosphat 
umfaBt. 

11. Zusammensetzung nach einem der Anspruche 1 bis 10, wobei das Nukleinsauresegment ein DNA-Molekul, ein 
20 RNA-Molekul oder ein Antisense-Nukleinsauremolekul ist. 

1 2. Zusammensetzung nach einem der Anspruche 1 bis 3, wobei die Knochen-vertragliche Matrix eine Collagen-artige 
Matrix eine Metallmatrix, eine Hydroxy lapatitmatrix, eine Hxdroxylapatit-beschichtete Metallmatrix, eine Bioglas- 
matrix! eine Aluminatmatrix, eine Biokeramikmatrix, eine Acrylsterpolymermatrix, eine Milchsaurepolymermatrix, 

25 eine Glycolsaurepolymermatrix oder eine Milchsaure-Glycolsaurepolymermatrix ist. 

13. Zusammensetzung nach Anspruch 12, wobei die Matrix eine Tltanmatrix ist oder eine Collagenzubereitung. 

14. Zusammensetzung nach Anspruch 12 oder 13, wobei die Matrix eine mit Hydroxy lapatit beschichtete Trtanmatrix 
30 ist, oder wobei die Matrix eine Typ 1 1 -Collagenzubereitung ist. 

15. Zusammensetzung nach einem der Anspruche 12 bis 14, wobei die Knochen-vertragliche Matrix eine Milchsaure- 
Glycolsaurepolymermatrix ist. 

35 16 Zusammensetzung nach einem der Anspruche 1 2 bis 14, wobei die Typ ll-Collagenzubereitung von Hyalinknorpel 
erhalten wird, eine rekombinante Typ ll-Collagenzubereitung oder eine mineralisierte Typ ll-Collagenzubereitung 
ist. 

17 Zusammensetzung nach einem der Anspruche 1 bis 16, wobei das Nukleinsauresegment ein lineares Nuklein- 
40 sauremolekul ist, ein Plasmid, ein rekombinantes Insert innerhalb des Genoms eines rekombmanten Virus, oder 

ein mit einem Liposom assoziiertes Nukleinsauresegment ist; oder wobei das osteotrope Gen in Form von Plasmid- 
DNA eines DNA-lnserts innerhalb des Genoms eines rekombinanten Adenovirus, eines DNA-lnserts innerhalb 
des Genoms eines rekombinanten Adeno-assoziierten Virus (AAV), eines DNA-lnserts innerhalb des Genoms 
eines rekombinanten Retrovirus oder eines mit einem Liposom assoziierten DNA-Segments vorliegt. 

45 

18. Zusammensetzung nach einem der Anspruche 2 bis 17, wobei die Knochen-Vorlauferzellen Stammzellen sind, 
Makrophagen, Fibroblasten, GefaBzellen, Osteoblasten, Chondroblasten oder Osteoklasten. 

19. Zusammensetzung nach Anspruch 18, wobei die Knochen-Vorlauferzellen Fibroblasten sind. 

20. Zusammensetzung nach einem der Anspruche 1 bis 19, wobei das Nukleinsauresegment oder osteotrope Gen in 
der Knochen-vertraglichen Matrix absorbiert ist, an diese adsorbiert ist oder in diese impragniert ist. 

21. Zusammensetzung nach Anspruch 20, wobei das osteotrope Gen ein PTH(Parathyroid Hormone)-Gen, ein BMP 
55 (Bone Morphogenetic Protein)-Gen, ein Wachstumsfaktor-Gen, ein Wachstumfaktor-Rezeptor-Gen, ein Zytokin- 

Gen oder Chemotaxis-Faktor-Gen ist. 

22. Zusammensetzung nach Anspruch 21 , wobei das osteotrope Gen ein PTH1-34-Gen, ein BMP-2-oder BMP-4-Gen, 
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«in TGFfTransforminq Growth Factor)-Gen, ein FGF(Fibroblast Growth Factor)-Gen, ein GMCSF(Granulocyte/ 

<Sh Factor)-Gen, ein IGF(lnsulin-like Growth Factor)-Gen, ein LIF(Leukem.a lnh.bitory Factor)-Gen oder ein 
LTBP-Gen ist. 

23. Zusammensetzung nach Anspruch 21 oder 22, wobei das osteotrope Gen ein TGF-a-, ein TGF-pi , ein TGF-p2-, 
ein LTBP-2- oder LTBP-3-Gen ist. 

24 Zusammensetzung nach einem der AnsprOche 1 bis 23, wobei die Zusammensetzung eine Knochen-vertragliche 
Matrix und zwei oder drei Nukleinsauresegmente oder zwei oder drei osteotrope Gene umfaBt. 

25. Zusammensetzung nach Anspruch 24, wobei die Zusammensetzung ein PTH-Gen und ein BMP-Gen umfaBt. 

26. Zusammensetzung nach Anspruch 25, wobei die Zusammensetzung ein PTH1 -34-Gen oder ein BMP-4-Gen um- 
faBt. 

27. Verwendung der Zusammensetzung nach einem der vorhergehenden AnsprOche bei der H«^J^ or " 
mulierung oder eines Medikaments zum Ubertragen eines Nukleinsauresegments ,n Knochen-Vorlauferzellen. 

28 Verwendung der Zusammensetzung nach einem der AnsprOche 2 bis 26 bei der Herstellung einer Formulierung 
^SSSLmA zum Fordem der Expression eines osteotropen Gens in Knochen-Vorlauferzelien und 
Stimulieren von Knochen-Vorlauferzellen. 

29. Verwendung nach Anspruch 27 oder 28, wobei derartige Knochen-Vorlauferzellen sich innerhalb einer Knochen- 
vorlauter-Gewebestelle eines Tieres befinden. 

30. Verwendung nach Anspruch 28, wobei die Formulierung oder das Medikament auf die 

aufgebrachtwird oder in der Stelle einer Knochenhdhle implantiert wird, um Knochengewebe-Wachstum be, dem 
Tier zu fordern. 

31 VerwendungnachAnspruch30,wobeidieStellederKnochenh6hleeineKnochenh6hlenstelleist,dieda S E 
' einer dentalen oder periodontal Chirurgie ist oder der Entfernung eines Osteosarkoms. 

32. Verwendung nach einem der AnsprOche 27 bis 31, wobei die Knochen-Vorlauferzellen Fibroblasten sind. 

33. Verwendung der Zusammensetzung nach einem der AnsprOche 1 bis 26 bei der Herstellung eines Medikaments 
zur Erreichung von Wundheilung und/oder Gewebereparatur. 

34 in-vrtro Verfahren zum Ubertragen eines Nukleinsauresegments oder Gens in Knochen-Vorlauferzellea wobei das 
Verfahren den Schritt des Kontaktierens der Knochen-Vorlauferzellen mil der Zusammensetzung nach e,nem der 
AnsprOche 1 bis 26 umfaBt. 

35. Verfahren nach Anspruch 34, wobei die Knochen-Vorlauferzellen Fibroblasten sind. 

36 Kit umfassend in geeigneten Behaltermitteln, die Knochen-vertragliche Matrix und das isolierte Nukleinsaure- 
mSZZ Gen ,wie in einem der AnsprOche 1 bis 26 definiert, in einer pharmazeutisch vertraghchen Form. 

37. Kit nach Anspruch 36, wobei das Nukleinsauresegment eine lyophilisierte Gen-Zubereitung umfaBt. 

38 Osteotrope Vorrichtung, umfassend ein isoliertes osteotropes Gen, wis in einem der AnsprOche 2 bis 26 definiert, 
^^SSS^b Knochenbildung stimulieren kann, wenn sie innerhalb einer Knochenvorlaufer^ewebe- 
stelle eines Tiers implantiert ist. 

39. Vorrichtung nach Anspruch 38, die eine osteotrope Hydroxylapatitbeschichtete Trtanvorrichtung ist. 

40 Vorrichtunq nach Anspruch 38 oder 39, wobei die Vorrichtung so geformt ist, daB sie sich an eine Knochenfrak- 
^SS!^SZm od'er so geformt ist, daB sie eine Knochenhoh.enstelle in dem Tier ausfO.lt. oder wobe, d,e 
Vorrichtung ein kOnstliches Gelenk ist. 
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Revendications 

1 . Une composition comprenant un segment d'acide nucleique isole et une matrice compatible avec I'os, pour une 
utilisation en medecine humaine et vetSrinaire. 

2 La composition de la revendication 1 , dans laquelle le segment d'acide nucleique est un gene osteotrope isole, la 
composition etant capable de promouvoir ['expression du gene dans les cellules progenitrices de I'os et de stimuler 
ces cellules. 

3. La composition de la revendication 2, dans laquelle la composition est capable de promouvoir la croissance du 
tissu osseux. 

4 La composition de Tune des revendications 1 k 3, dans laquelle la composition est preparee en amenant le segment 
d'acide nucleique ou le gene en contact avec la matrice compatible avec I'os pour former une composition matrice- 
segment d'acide nucleique/gene. 

5. La composition de la revendication 4, dans laquelle la composition comprend le segment ou gene en association 
avec la matrice compatible avec I'os et un agent pluronique pour former une composition matrice-segment d'acide 
nucleique/gene pour seringue. 

6. La composition de I'une des revendications 1 k 5, dans laquelle la composition comprend en outre un agent de- 
tectable pour utilisation dans une modalit6 d'imagerie. 

7. La composition de la revendication 6, dans laquelle la composition comprend en outre un agent radiographique. 

8. La composition de la revendication 6, dans laquelle la composition comprend en outre un ion paramagnetique. 

9. La composition de la revendication 6, dans laquelle la composition comprend en outre un ion radioactif . 

10. La composition de I'une des revendications 1 a 9, dans laquelle la composition comprend en outre du phosphate 
de calcium. 

11. La composition de I'une des revendications 1 k 10, dans laquelle le segment d'acide nucleique est une molecule 
d'ADN, une molecule d'ARN ou une molecule d'acide nucleique antisens. 

12. La composition de I'une des revendications 1 k 3, dans laquelle la matrice compatible avec I'os est un collageneux, 
un metal, une hydroxy apatite, un metal revetu d'hydroxyapatite, un bioverre, un aluminate, une bio-ceramique, un 
polymere d'ester acrylique, un polymere d'acide lactique, un polymere d'acide glycolique, ou une matrice polymere 
d'acide lactique/ acide glycolique. 

13. La composition de la revendication 12, dans laquelle la matrice est une matrice de titane ou une preparation de 
collagene. 

14. La composition de la revendication 12 ou 1 3, dans laquelle la matrice est une matrice de titane revetue d'hydroxya- 
patite, ou dans laquelle la matrice est une preparation de collagene type II. 

15. La composition de I'une des revendications 12*14, dans laquelle la matrice compatible avec I'os est une matrice 
polymere d'acide lactique/ acide glycolique. 

1 6 La composition de I'une des revendications 12*14, dans laquelle la preparation de collagene de type 1 1 est obtenue 
k partir de cartilage hyalin, est une preparation de collagene de type II recombinante, ou une preparation de 
collagene type II minSralisee. 

17. La composition de I'une des revendications 1 k 16, dans laquelle le segment d'acide nucleique est une molecule 
d'acide nucleique lineaire, un plasmide, un insert recombinant dans le genome d'un virus recombinant ou un seg- 
ment d'acide nucleique associe k un liposome ; ou dans laquelle le gene osteotrope est en forme d'ADN plasmide, 
un insert ADN dans le genome d'un adenovirus recombinant, un insert ADN dans le genome d'un virus adeno- 
associe recombinant (AAV), un insert ADN dans le genome d'un retrovirus recombinant, ou un segment ADN 
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associ6 a un liposome. 

18 La composition de I'une des revendications 2 a 17, dans laquelle les cellules progenitrices de I'os sont des cellules- 
' souches, des macrophages, des fibroblastes, des cellules vasculaires, des osteoblastes, des chondroblastes ou 
5 des osleoclastes. 

19. La composition de la revendication 18, dans laquelle les cellules progenitrices de Cos sont des fibroblastes. 

20. La composition de I'une des revendications 1 a 1 9, dans laquelle le segment d'acide nucleique ou gene osteotrope 
10 est absorbs dans, adsorbe sur, ou impregne dans la matrice compatible avec I'os. 

21 La composition de la revendications 20, dans laquelle le gene osteotrope est un gene d'hormone parathyroide 
(PTH), un gene de proteine morphogenetique de I'os (BMP), un gene de facteur de croissance, un gene de re- 
ceptee de facteur de croissance, un gene de cytokine ou un gene de facteur chimiotactique. 

22 La composition de la revendication 21 , dans laquelle le gene osteotrope est un gene PTH1-34, un g&ne BMP-2 
' ou BMP-4 un gene de facteur de croissance transformant (TGF), un gene de facteur de croissance de fibroblastes 

(FGF) un gene de facteur de stimulation d'une colonie granulocytes/macrophages (GMCSF), un gene de facteur 
de croissance epidermique (EGF), un gene de facteur de croissance derive des plaquenes (PDGF) un gene de 
facteur de croissance semblable a I'insuline (IGF), un gene de facteur d'inhibition de la leucemie (LIF) ou un gene 
LTBP. 

23. La composition de la revendication 21 ou 22, dans laquelle le gene osteotrope est un TGF-a, un gene TGF- P 1, 
un gene TGF-P2, un gene LTBP-2 ou LTBP-3. 

24. La composition de I'une des revendications 1 a 23, dans laquelle la composition comprend une matrice compatible 
avec I'os et deux ou trois segments d'acide nucleique ou deux ou trois genes osteotropes. 

25. La composition de la revendications 24, dans laquelle la composition comprend un gene PTH et un gene BMP. 

26. La composition de la revendications 25, dans laquelle la composition comprend un gene PTH1-34 ou un gene 
BMP-4. 

27 Utilisation de la composition de I'une des revendications precedentes dans la preparation d'une formulation ou 
as d'un medicament pour transferer un segment d'acide nucleique dans des cellules progenitrices de I'os. 

28 Utilisation de la composition de I'une des revendications 2 a 26 dans la preparation d'une formulation ou d'un 
' medicament pour promouvoir ('expression d'un gene osteotrope dans, et la stimulation des cellules progenitrices 

de I'os. 

40 

29. L'utilisation de la revendication 27 ou 28, dans laquelle les cellules progenitrices de I'os sont dans un site tissulaire 
progeniteur de I'os d'un animal. 

30 L'utilisation de la revendication 28, dans laquelle la formulation ou le medicament sont appliques a un site de 
45 fracture de I'os ou sont implantes dans un site de cavite osseuse pour promouvoir la croissance du tissu osseux 

chez I'animal. 

31. L'utilisation de la revendication 30, dans laquelle le site de la cavite osseuse est un site de cavite osseuse qui est 
le resultat d'une chirurgie dentaire ou parodontaire, ou de I'ablation d'un osteosarcome. 

32. L'utilisation de I'une des revendications 27 a 31 , dans laquelle les cellules progenitrices de I'os sont des fibroblastes. 

33. Utilisation de la composition de I'une des revendications 1 a 26 pour la preparation d'un medicament pour I'ac- 
complissement de la cicatrisation des blessures et/ou la reconstitution des tissus. 

34 Un precede in vitro pour transferer un segment d'acide nucleique ou un gene dans des cellules progenitrices de 
' I'os, le procede comprenant I'etape de mise en contact des cellules progenitrices de I'os avec la composition de 
I'une des revendications 1 a 26. 
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35. Le procede de la revendication 34, dans lequel les cellules progenitrices de I'os sont des fibroblastes. 

36 Un necessaire comprenant, dans des moyens conteneurs appropries, la matrtce compatible avec I'os et le segment 
d'acide nucleique isole ou gene tel que defini dans Tune des revendications 1 a 26 sous une forme pharmaceutic 



37. Le necessaire de la revendication 36, dans lequel le segment d'acide nucleique comprend une preparation de 
gene lyophilisSe. 

w 38 Un composant osteotrope comprenant un gene osteotrope isole tel que defini dans Tune des revendications 2 a 
26, dans lequel ce composant est capable de stimuler la formation de I'os lorsqu'il est implante dans un site tis- 
sulaire progeniteur de I'os d'un animal. 

39. Le composant de la revendication 38, qui est un composant osteotrope en titane revetu d'hydroxyapatite. 

40 Le composant de la revendication 38 ou 39, dans lequel le composant est conforme pour epouser un site de 
fracture osseuse ou est conforme pour remplir un site de cavite osseuse dans I'animal, ou dans lequel le composant 
est une articulation artificielle. 
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FIG. 8C 
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FIG. 18G 
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FIG. 18K 
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FIG. 18N 
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FIG. 18P 
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FIG. 19 
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FIG. 20 
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FIG. 23C 
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7T7??7?77'?*"™ ? ' ! " ? " ? " !! 

4 1 L L C« TOT COG GAC AGC TGT CAG « GOT TOT « ~ 

A ^ =L 1 °f ^ *f *? ^ " c °? 7?™?™" 

« l TCC CCT CTA CCC TCC ATG AAC GOT GOT CM TOC TCT TCC OTA *C CAG gj 
TOC CTO TOT COT COT «T TTC ACG 000 OTC TTC TGC CM GTG CCT OCT OCA GGA 378 
ACC GGA GCT GOT ACC GGG SOT TCA GOT CCC GOT TGG CCC GAC COG GCC ATG TCC 432 

aLgLcLIcotccccotgotccagaaggagjgtotg™ 

OOC ATT TAC GOB OTG CAG GTG ATC GCA GAT CCT CCC GGG CCG GGG GM GOT CCT 540 
OTT OTA CAA CAT GCA GCC TTC TTG GTG CCC CTG GGG CCA GGA CAA ATC TCG OCA 5M 

^* t ^ G C P < " G V <3 "l*" ''v 0 ^ T ^ C 216 

^ « OTC L GTG CAC CGC ATC GAG GGG CCG AAC OCT GAA OGC OTA GCC TCT 702 

TCC CAS CM TTG CTG CCG CAT CCC 1M CCC CM CAC CCG MS CCA CCC ACT CAA 756 
MG CCA CTG OTC CGC TOC TTC CAG GAC ACA TTG CCC AAG CAG CCT TCT GOT AGC 810 
AM CCT TTG CCT OTC CTT ACC AM CAG GAA GAT TGC TGC GOT AGC ATC GGT ACT 664 
OTC TOG OTA CAA MC AAG TGT CAC AAG TOT CCA CAG CTT CAG TAT ACA GGG GTG 918 
L L L OTA COT OTA CGT GOT GAG GTG GOT OCT GAC TOT CCC CAG GOT TAC 972 
AAG AOG CTC AAC AGC ACC CAC TGC CAG GAT ATC AAC GAA TOT GOT ATG CCC GGG 1026 



FIG. 25-1 
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» T GTG TGC cat got gac tjc « ^ aac ccr ooc tct tat c* tot ore «= 
<L « « « Jc ttg got ccc « gca « cag tog « « -« •» « 5» 4 
«i 1 ~ to tot ttc ccc m « agg »cc gaa cac ? tgc «o cac »„ 

1512 

»C L L ACt ACC ACC ACC TCA COG CCC COG CGT TAG OCA OM CTC ATC 29« 

4 CGC L L =CA OCT ACC °P C ? ? S8" 

CGA MT OCA GTG GAG ATC GCC CCC ACT CAS GTC ACA GAG AOC GAT GAG TGC CGA 2|74 

. WO AAC CAG A*! ATC TOT GGC CAT OGA CM TOT OTO CCT OOC CCC TCO OAT TAG 272B 
LNQ N lCGn 
« TGC CAC TGC AJ= GOT GGC TAG CGG TCA CAC CCG GAG CAC GGC TAG TOT GTT 1» 

GAT OTO AAC GAG T^C GAG GCA GAG CCC TGC GGC CCC GOG AAA GGC ATC TGT ATG 2*3* 

L L L gL tJc TAC AAT TOT CAC TGC AAC CGA GGC TAG CGC CTC CAC CTG 2990 

GOT GCA GOG GGC CGC TCG TGC GTG GAG CTG AAC GAG TGC GCC AAG CCT CAC CTG 1944 

TOT GGG GW GOT GGC TTC TGC ATC AAC TTC CCT GOT CM TAG AAA TGC AAC TGC 2996 

TAT CCT L TAC CGG CTC AAG GCC TCC CGA CCG CCC ATT TGC GAA GAC ATC GAC 20S2 

GAG TOT CGC GAC CCT AOC ACC TOC CCT GAT GGC AAA TOT GAA AAC AAA CCT OOC 220« 

FIG. 25-2 
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CCA GAG AGA CGT GAA GTG TGC TGG GGC CAG CGA GGA GAG GAC GGC ATG TGT ATG 3240 

L CCC L GCG GGA CCT GCC CTC ACT TTT GAT GAC TGC TGC TGC CGC CAG CCG «** 

CGG CTG GGG TAC CAG TGC AGA CCG TGC CCG CCA CGT GGC ACC GGG TCC CAG TGC 3346 

CCG L L L AGT GAG AGC AAT TCT TTC TGG GAC ACA AGC CCC CTC CTA CTG JJg 

cl aL t'cT cl CGA GAC GAA GAC AGC TCA GAG GAG GAT TCA GAT GAG TGC CGT 3456 

TCT GTC AGC L CCG TGT GTG CCA CGG CCA GGC GGG GCG GTA TGC GAG TGT CCT 35X0 

CVSG^ CVF 
GGA GGC TTT CAG CTG GAC GCC TCC CGT GCC CGC TGC GTG GAC ATT GAT GAG TGC 3564 

A f °f T f TTTTTT T T T a t g °f T ? c ? Y 52 

GGG CCT GCG TCC CTC AGC GCC GCC OCT GAT GAT GCA GCC ATA GCC CAC ACC TCA 3726 

GTG ATC GAT CAT CGA GGG TAT TTT CAC TGA 
V J D H R G Y F H * 



FIG. 25-4 
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